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THouGh there is a definite trend toward 
the provision for individual differences 
within a class, in general, such provisions 
made in geometry have been based largely 
upon the idea of extra credit rather than 
upon differentiation in the materials used. 
Where such differentiation has been made, 
the materials provided for the gifted pupil 
are often more difficult than the rest, but 
this pupil must first do all, or at least part 
of the work done by the poorest students 
in the class. Thus the more able pupil is 
expected to do both more originals and 
harder originals than the rest of the class. 

Teachers are aware of the fact that their 
best pupils often weary of problems which 
must be written in detail although they 
require little reflective thinking. They are 
also familiar with the discouraged pupil 
who is able to complete only a small por- 
tion of his assignment because he lacks 
both time and ability. These are the pupils 
for whom provision should be made. 

In the University High School of the 
State University of Iowa, substitute as- 
signments have been used for a good many 
years. Under this plan the pupil could sub- 
stitute a harder original for any two or 
three easier originals or for all the rest of 
the lesson. On some days many pupils 
could work the harder originals, but on 
others they were so difficult that only one 
or two pupils were able to make the sub- 


stitution. Sometimes the only way to get 
an A grade was to work the substitute 
assignment. 

In this substitute work and in that done 
by other teachers, the difficulty of the 
originals employed has been chiefly deter- 
mined by the opinion of the textbook au- 
thor or the teacher. 

Under the plan formerly used at the 
University High School for taking care of 
individual differences, it was assumed that 
it was desirable to use graded originals and 
to allow pupils to select their own origi- 
nals. Out of the need to know more about 
the difficulty of originals and the efficacy 
of pupil selection has grown the study to 
be described. It is assumed that 
readers will not be interested in the statis- 
tical details and other essential details rel- 
ative to the research and so little has been 


most 


included here. The complete report is in 
the library of the State University of lowa 
under the title: The Efficacy of Pupil Se- 
lection of Graded Originals tn Plane Ge- 
ometry. 
PURPOSES 

The objective of this study was to find 
out the efficacy of pupil selection of geom- 
etry originals when the work was organ- 
ized to encourage intensive (depth of) 
thinking instead of extensive (breadth of) 
thinking. Throughout the experiment, 
pupils were encouraged to turn out quality 
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in their work rather than quantity. It was 
hoped that partial answers to such ques- 
tions as the following could be obtained. 
Will the plan for pupil selection prove effi- 
cacious with all types of pupils—superior, 
average, and slow? How much will pupils 
make of the opportunity, and with what 
success, to do work as difficult as they are 
capable of doing, under the incentive of 
higher grades, less writing, and the possi- 
bility of spending less time? 

What effects are there for the superior 
pupil who solves one difficult original in- 
stead of two or more simple ones? In doing 
so, does he have to think of fewer, the 
same number, or of more geometric con- 
cepts? Is his power increased, kept the 
same, or lessened by handling one difficult 
original instead of two or more easier ones? 
Is his speed in solving originals of average 
difficulty improved or diminished? Is his 
knowledge of the factual side of geometry 
affected by this substitution of depth for 
breadth? 

What effects are produced in the aver- 
age and the slow pupils by their being able 
to select originals? Does the pupil who 
works slowly become slower through re- 
ceiving a passing grade for doing correctly 
a very small amount of work so that the 
time element is not a factor? Does he learn 
to solve more difficult originals? In short, 
is pupil selection of material sound meth- 
odology? 

Pupil achievement in this experiment 
has been measured by tests, but it has 
also been measured by certain psychologi- 
cal effects connected with time, methods 
of approach, self-confidence, and indeci- 
sion. The conclusions are based upon a de- 
tailed record of pupil behavior. 

THE EXPERIMENT 

Ten carefully selected, well-trained, and 
experienced teachers in nine different high 
schools took part in the experiment. The 
papers from 598 pupils were used in the 
final analysis. In all 18,276 papers were 
graded and tabulations made from them. 

The schools participating were asked to 
try to have two groups of as nearly equal 


ability as possible. This point was not 
stressed, however, because at the end o! 
the experiment the groups for comparison 
were to be selected from the experimental! 
and control sections in each school by 
equating the means and standard devia- 


tions on two tests, The Orleans Geometry 


Prognosis Test and the Olis Self Admini 
tering Tests of Mental Ability, Higher E 
amination, 

The teacher was asked to teach both 
sections under as nearly the same condi- 
tions as possible except for the differences 
in the use of the originals on twenty-eight 


special days devoted to the purposes of 


the experiment. Four periods of forty min- 
utes each near the end of each unit but 


not necessarily on consecutive days, were 


spent on the graded originals by the pupils 
of both sections. Pupils were told that 
they could have their books open but cow 

not receive help from the teacher or from 
other pupils. For the experimental group 
(Section £) there were twenty-four origi- 
nals for each of the seven units. They wer 
divided into three groups according to 
difficulty. The A group consisted of four 
difficult originals difficult than 
those commonly found in geometry text- 


more 
books for high schools—selected for thx 
able pupils although others could try 
them. The B group, selected for the high 
average and above-average pupils, con- 
sisted of eight originals of at least medium 
difficulty. The C group was composed of 
twelve rather easy and easy originals for 
the low-average and poor students. ‘Thi 
originals were labelled A, B, and C for Sec- 
tion £. The pupils were clearly told of the 
three levels of difficulty. They were re- 
quired to choose the originals they wanted 
to work. 

These twenty-four originals on each 
unit were divided into four sets, each con- 
taining one A, two B, and three C origi- 
nals. Set Four was the easiest and was 
worked first. Set Three came next. Set 
One was the hardest and came last. 

In the control group (Section C) twenty 
originals for each unit were worked during 
the twenty-eight special days. These were 
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the C and B originals as for Section E£, in 
order from easiest to hardest, but with no 
comment of any kind to indicate the de- 
gree of difficulty. As in the case of the ex- 
perimental section the originals for Section 
C were divided into four sets. The pupil 
worked from original number one of a set, 
through to number five, or as far as he 
could go in the forty-minute period. Aside 
from those important differences, and the 
grading of the work, the procedure for this 
section was the same as for the experi- 
mental group. 

In the experimental group the pupils 
were given grades according to the num- 
ber of points earned. If a pupil turned in 
the A originals in a set he could not turn 
in any other original. The only way to get 
an A grade for the day was to solve the A 
original. A grade of B was earned by work- 
ing two B’s or one B and two C’s. A high 
C grade was earned by working three C’s 
and a low C grade by working two of them 
while a D grade was obtained by the cor- 
rect solution of one of the C originals. 

The grading system for the control 
group Is a typical method of grading. Noth- 
ing was said to the pupils in this group 
concerning the method. They worked from 
the easiest original through to the hardest 
and the grade depended upon the number 
solved. 

The originals used in this study were 
first constructed in connection with a pre- 
liminary study,' which was concerned 
only with obtaining a good set of graded 
originals and finding a suitable method 
of using them in a single public school. 
After a second year of use in the Univer- 
sity High School the originals were re- 
graded. For a check on the grading of dif- 
ficulty of twenty well- 
trained, experienced high school teachers 
of geometry were asked to rate the rela- 
tive difficulty of a sampling of the origi- 
nals. 


the originals, 


When the pupil results of the control 


1 Payne, Lillian, The Determination of a 
Graded Set of Originals for Plane Geometry and 
a@ Plan to Facilitate Its Use. Unpublished 
Master’s Thesis, State University of Iowa. 


groups were tabulated, it was found that, 
in general, they upheld the ratings given 
the originals. 

Pupil results indicated that the teachers 
tended to underrate an original which is in 
the textbook as against one which is not 
a typical textbook original, and they did 
not make sufficient allowance for wording 
or lettering different from that commonly 
found in textbooks, although such a differ- 
ence increases the difficulty considerably. 
Despite these facts, the data give ade- 
quate evidence that the collective opinion 
of a group of well-trained, experienced 
teachers is dependable in grading originals 
into three levels of difficulty, while the 
judgment of but one well-trained, experi- 
enced teacher is adequate for selecting 
very difficult and very easy originals. 

Since the pupils in the experimental 
group were encouraged by the rewards to 
solve the hardest originals of which they 
were capable, and since if they solved the 
A original of a set they did not do further 
work on that set, it was to be expected 
that this group would solve fewer originals 
than the control group which worked as 
many originals as time would permit. Dur- 
ing the twenty-eight special days the aver- 
age pupil in the control group solved twice 
as many originals as the average pupil in 
the experimental group, in the upper quar- 
tile about two and one-third times as 
many and in the lowest quartile less than 
one and one-half times as many. When the 
number of originals solved by all of the 
pupils participating is compared with the 
number solved by the equated groups, it is 
found that the data for the larger groups 
substantiates the findings for the smaller 
equated groups. 


THE TESTING PROGRAM 


Three final achievement tests were ad- 
ministered soon after the completion of 
the seven units of work or through the 
topic of circles. The first test consisted of 
the writing out in complete form, just as 
had been done on each of the twenty-eight 
special days, of one, two, or three originals. 
The first original represented an easy C ex- 
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THE AVERAGE NUMBER OF ORIGINALS SOLVED PER PUPIL IN THE EXPERIMENTAL GROUP AND IN 
THE CONTROL GROUP IN THE TWENTY-EIGHT Days 


Experimental Group 


174 Pupils 


Highest quartile on the two initial tests 
Whole group 
Lowest quartile on the two initial tests 


Originals 


Control Group 


163 Pupils 


Highest quartile on the two initial tests 
Whole group 
Lowest quartile on the two initial tests 


ample, the second an easy B example, and 
the third an easy A example. The second 
test consisted of fifty-five objective ques- 
tions, Part 1 testing general information 
and Part 2 deeper thought processes. Test 
3 was designed to test the pupil’s ability 
to apply geometric reasoning to practical 
applications. 

While the statistical assurance of the su- 
periority of the experimental method is 
not all that could be desired, none of the 
evidence is contradictory, and in general it 
points toward the following conclusions. 
Which of the two methods is used for the 
pupils of low ability is probably immate- 
rial as far as actual achievement is con- 
cerned. For the group as a whole, and par- 
ticularly for the more able pupils, there is 
probably some, but not much, advantage 
in the procedure involving pupil selection. 
The trend toward the superiority of the 
methodology of the experimental method 
over the more conventional, while slight, 
is nevertheless present for all but the slow 
pupils. It at least suggests a very large and 
convincing superiority. The experimental 
method was used for only twenty-eight 
days which followed experiences in learn- 
ing shared commonly by both groups and 
interspersed between identical methods of 
teaching on the other days which were far 
greater in number. 

The plan for using graded originals with 
pupil selection and the efficacy of using 


Totals 

A B c 
1.2 11.2 12.9 31.3 
25 6.6 14.7 24.4 
2% 2.08 13.4 16.1 

Originals 
Totals 
B ( 

17.2 54.5 if ey 
9.4 iS .4 17.8 
2.9 19.8 Ze. 


them depend, however, upon more consid- 
erations than the results shown by achieve- 
ment tests. 


THE AMOUNT OF TIME SPENT 
ON THE ORIGINALS 


At the inception of this study it was 
thought that a record of the time spent by 
each pupil on each original might throw 
some light on such questions as these: 
Given a chance to select originals of A, B, 
or C difficulty, would pupils spend their 
time wisely in respect to their ability? 
With such opportunity might not less able 
pupils repeatedly attempt A originals to 
no avail? And might not lazy pupils be 
content to assure themselves of a passing 
grade and remain idle for the rest of the 
period? Would it take longer for an A pu 
pil to work an A original than for a B 
pupil to work a B original or a C pupil, a ¢ 
original? 

Forty minutes were allowed on each of 
the twenty-eight days devoted to work or 
the originals. The average time spent pe! 
individual per day by the equated group 
in the experimental sections was 27.8 min 
utes and in the control sections 31.7 min- 
utes. The correlation between results on 
the Orleans Geometry Prognosis Test and 
the total time spent on A originals by the 
experimental group was .640. Contrasted 
with that, the correlation between the 
same test and the total time spent on C 
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originals was —.604. In the control group, 
where everyone began on the C’s, the cor- 
relation with the total time spent on the C 
originals was —.333. The correlation with 
the time spent on the B originals was .235 
in the experimental group and .253 in the 
control group. The B originals were at- 
tempted by nearly all the pupils in both 
The with the Otis 
test are not as high but show the same con- 
trasts between A, B, and C originals. 


groups. correlations 


It seems evident from these data that, 
in general, pupils chose to spend time on 
difficult or easy originals in accordance 
with their ability. The following table 
shows that the higher and lower quartiles 
of both about the 
amount of time per day. However, the 


groups spent same 
pupils of the highest quartile in the exper- 
imental group spent nearly twice as much 
time on A originals as on C originals, while 
the pupils of the lowest quartile in this 
group spent more than eight times as many 


minutes on C originals as on A originals. 


_ 


All of the pupils in both groups attempt- 
ed the B originals. 
smaller amount of time spent on B than on 
C originals per day by the control group 
were these: There were three C and two B 


teasons for the much 


originals in each set; the B originals cam« 
last and were worked last, and the B orig- 
inals were more difficult than the C’s. In 
the experimental group, all pupils of the 
upper quartile solved B originals, while 
about four-fifths of 
solved them. 


the lower quartile 


All of the pupils of the lowest quartile 
solved one or more of the C originals and 
all but five of the upper quartile spent at 
least some time on C originals. 

The few pupils in the lowest ability 
quartile who successfully completed A 
originals averaged five times as many 
minutes working on them as did the pupils 
in the highest ability quartile. Since only 
two of the A originals solved by any one in 
the lowest quartile were beyond Unit I, in- 


troductory material, the actual ratio of 


THE AVERAGE NUMBER OF MINUTES SPENT ON A, B, aNp C OrIGINALS PER PupPIL 


Eacu Day By 


Boru Groups 


Experimental Group 


174 Pupils A 
Highest ability quartile 12.3 
Total equated groups 7.4 
Lowest ability quartile 2.2 


Cont rol 


163 Pupils 
Highest ability quartile 
Total equated groups 
Lowest ability quartile 


All of the pupils of the highest quartile 
and the majority in the lowest quartile at- 
tempted A originals. The fact that so few 
pupils in the lowest quartile solved A 
originals (only eight pupils in this quartile 
solved A originals and six of these solved 
none beyond introductory Unit I) partly 
explains why the average time spent on 
these originals was not greater;—the pu- 
pils found them too difficult. The chief ex- 
planation is that the majority of the pupils 
merely looked over the A originals and, 
finding them too difficult, went on to eas- 
ler ones, 


B e Total 
9.6 6.3 28.2 
9.0 11.4 27.8 
1S.0 27.3 


Group 


12.0 19.1 31.1 
10.2 21.5 J rg 
8.4 aa.8 : ) 


time for solution of A originals beyond 
Unit Lis very much more than five to one. 
The lowest quartile spent about three times 
as much time in attempting B originals 
and three times as much time in attempt- 
ing C originals for each correct solution as 
did the highest quartile. 

In the control group, under the pressure 
of time to complete as many originals as 
possible, the highest quartile worked fast- 
er than did the highest quartile of the ex- 
perimental group. Therefore, the average 
length of time for each correct solution is 
less for the upper quartile in the control 
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CONTRAST OF THE TIME SPENT ON SOLVING THE ORIGINALS BY THE HIGHEST AND LOWEST ABILITY 
QUARTILE IN Boru Groups 


Experiment 


al Group 


Highest Quartile 


Originals 
Number solved 
Average number of minutes to solve! 


A B C 
295 * 
17.9 31.) is.¢ 


Lowest Quartile 


Number solved 
Average number of minutes to solve 


Control Group 


Highest Quariile 


Originals 
Number solved 
Average number of minutes to solve 


Lowest Quartile 


Number solved 
Average number of minutes to solve 


1 This includes time spent on all attempts. 


group. This more rapid work did not occur 
in the control group. 

The average time required for the group 
as a whole to solve an original correctly 
was much less than the average time spent 
for each correct solution. The disparity 
here is largely accounted for by the fact 
that the A originals were made so difficult 
that even the best pupils were not expect- 
ed to work them all while the rewards were 
so high that many pupils attempted them. 


TRENDS OF PUPIL SELECTION 


The experimental procedure differed in 
these respectsfrom ordinary classroom pro- 
cedure: (1) It permitted the pupil to choose 
the level of difficulty at which he would 
work; (2) It offered big rewards in terms 
of a very high grade for a relatively small 
NUMBER OF 


THE AVERAGE 


Originals 


Average number of minutes required to solve an 
original 

Average number of minutes spent for each correct 
original 





MINUTES SPENT ON EAcu 


10 94 544 
251.5 86.5 38. ] 
B C 
704 2233 
19.6 Q 8 
104 SO] 
93 .3 30.0 


quantity of difficult work; and (3) It kept 
the pupil more aware of his immediate suc- 
cess or failure since it was impossible for 
him to secure a grade on any level of diffi- 


culty without of the original 


Such a procedure might 


mastery 
well provide the 
answers to questions like the following: 

Would all pupils attempt the more diffi- 
cult originals, or would average and slower 
pupils be discouraged from the outset by 
their difficulty? 

Would the pupil learn readily to ap- 
praise his ability for the task at hand o1 
would indecision result in a great waste of 
time? 

Would the more able pupil do his best to 
solve the more difficult originals without 
becoming over-confident ? 

Would pupils who found they could 


Correct ORIGINAL BY Botu Grout 


Control group 
180 Pupils 


Experimental group 
190 Pupils 


| A B C B C 
| 21.6 11.4 8.5 7.3 7.3 
65.7 37.6 22.1 29.5 15.2 
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solve only C originals while their class- 
mates solved A and B originals develop as 
good understanding as in the ordinary 
routine and at least no greater feelings of 
discouragement and inferiority? 

Would pupils be flexible in their selec- 
tion, or would they choose one level of dif- 
ficulty and stay by it, wisely or un- 
wisely? 

Would the plan of procedure be better 
suited to pupils of one sex than to those of 
the other? 

Only nineteen pupils out of 174 made no 
attempt to work any A’s and everyone 
tried the B’s 

The four pupils who attempted no C’s 
were superior pupils able to sueceed on the 
more difficult) originals. Their number 
would bring down to three the number of 
pupils who did not succeed on C originals. 


THE RELATIONSHIP BETWEEN 
INITIAL SELF-APPRAISAL AND 
SUCCESS ON ORIGINALS 

Pupils tended to rate themselves as high 
or low in ability as evidenced by the fact 


THe NuMBER OF PupIts Wuo Dip Nor So.ive 


Eacu LEVEL 


Dic 
Dic 


not succeed on A originals 
not attempt A originals 


Dic 
Dix 


not succeed on B originals 
not attempt B originals 


Did not succeed on C originals 
Did not attempt C originals 


that only two of them habitually began 
with the B originals. Over one-third of the 
pupils habitually began on the same one of 
the three levels. There were 18.6 per cent 
of the pupils who had sufficient confidence 
in their ability to start habitually with the 
A originals, habitually meaning that on 21 
to 28 days out of the 28 special working 
days, these pupils began work on the A 
originals before attempting either B’s or 
Cs. 

The average rating on the Orleans Test 
for the group habitually beginning with A 


originals was 120.2 whereas the average 
rating of the highest quartile in the experi- 
mental group was 128.7. This would indi- 
cate that it was not the most intelligent 
pupils alone who felt that they had the 
ability to solve the more difficult originals. 
In fact, of the 32 pupils who began with 
A’s habitually, six boys had ratings of 97 
and below on the Orleans Test, while that 
of the lowest-rating girl was 101. 

The average number of A_ originals 
solved by the group which habitually be- 
gan with A’s was 8.7, while the average 
number solved by the highest quartile was 
7.2. This does not mean, however, that the 
group habitually beginning with A’s made 
the highest work scores. Although these 
pupils gained over others of equal ability 
in the number of A’s solved, they solved 
fewer of the B and C originals. Thus, the 
group which habitually began with A’s 
had an average work score of 151.7, while 
the highest had a slightly higher work 
score of 157.0.Weights and checks were ap- 
plied in determining the work scores. 

But not only the work score of this 


AND Dip Nor ArreEMPT TO SOLVE ORIGINALS OF 


OF DIFFICULTY 


86 Boys SS Girls Total 
30 87 Wg 
6 13 19 
{ 11 15 
0 0 0 
b 1 Y § 
3 l 4 


group fell below the average of the highest 
quartile. Their average test records, also, 
were lower on each of the three tests than 
those of the highest quartile, although two 
of the boys with low Orleans Test Ratings 
made creditable records on the number of 
A’s solved and on the final tests. 

These facts taken together indicate that 
in some instances pupils tended to rate 
their own ability too highly and that they 
persisted in trying the more difficult work 
when they would have done better to 
spend more time on B and C originals. 
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Only two pupils habitually began on B 
originals. This fact supports the statement 
that pupils tended to rate themselves as 
high or low in ability in beginning work. 

Almost as many pupils—16.1 per cent 
began habitually with C originals as began 
with the A’s. The average rating of these 
pupils on the Orleans Test was 66.4 as 
compared with an average rating of 58.4 
for the lowest quartile in the experimental 
group. The highest rating was 96. 

It was always pupils of low ability who 
habitually began on C’s. 
solved an average of 17.9 C originals, while 


These pupils 


the lowest quartile solved an average of 
but 13.4. Test results show that these pu- 
pils had a low average rating on all of the 
tests. Of the 28 pupils habitually begin- 
ning on C’s only 4 solved correctly any of 
the 3 originals on Test I, and these 4 
solved only the first and easiest original. 
The teachers gave semester grades of D to 
each of the 28. 

Thus, we see that it was not usually cau- 
tion that prompted pupils to begin work 
at a low level. They did not habitually be- 
gin on C originals when they were capable 
of solving harder originals readily. 

It is interesting to note the difference in 


Number a & £ AorB 
Boys 86 Ll 0 O 11 
Girls 88 Oo 0 1 14 

25 


Total 174  s@ J 
the sexes in their initial choice of a work- 
ing level. Boys were, without question, 
more daring. Of those pupils who habitu- 
ally began on A originals, 23.3 per cent 
were boys, and only 13.6 per cent, girls. In 
view of the fact that this group included 
six boys with intelligence ratings of 97 or 
lower while the lowest ranking girl had a 
rating of 101, that the average intelligence 
ratings of this group were 113 for boys and 
132.1 for girls, and that the work score 
average for boys was 135.7 as against 
178.3 for girls, it is evident that boys had 
a much greater tendency than girls to 


reach beyond the level in which their in- 
telligence ratings would have placed them. 
This greater daring is indicated also, 
though to a lesser degree, among those 
pupils who habitually began work on C’s, 
in the fact that the total average number 
of minutes spent daily on A originals by 
the boys was 2.0, and by the girls, 0.9; on 
B originals by the boys, 4.2, and by the 
girls, 3.4. 


THE TENDENCY OF PUPILS TO BE 
Fixep IN THEIR HaABIts OF 
CHOOSING A LEVEL OF 
DIFFICULTY 


The following table shows that pupils 
were not, in general, set in their habits of 
approaching a task. 

A comparison of the Orleans Test rat- 
ings and the work score ratings of those 
pupils who always began either on A or B 
originals shows correspondingly — high 
scores. All but two had superior ratings on 
the initial tests and they had good scores. 
These pupils had high work scores. They 
were good students and knew that they 
were good. 

Those pupils beginning always on B or 
C originals were slower and more cautious 


The Level of Difficulty at Which Pupils Always Began Working 


A or C B or C AorBorC 
9 7 58 
= bad 53 
11 25 111 


pupils, with an Orleans Test average ol 
65.8 and a work score of 36.7. These pupils 
solved no A originals. 

From these data it becomes clear that 
in general the fixed habits of pupils in be- 
ginning work were suited to their ability 
and indicated the amount of their success 
There were instances where daring or cau- 
tion caused the pupil to begin work much 
above or below his level of accomplish- 
ment. It is also apparent from this tabl 
that most pupils were not set in their 
habits and were likely to begin work at dif- 
ferent levels from day to day. 








\ 
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IVIDENCES OF BEGINNING ON A HIGHER FURTHER EVIDENCE ON 
oR LoWER LEVEL OF DIFFICULTY Sex DIFFERENCES 
THAN THE LATER LEVEL OF 


The comparison of the average records 
WorRK FOR THE Day 


of boys and girls gives support to the evi- 

Very few pupils—only 13.3 per cent dence on the greater daring of boys in 
stayed on one level of difficulty during any working geometry originals. That this dar- 
of the forty-minute periods given to work ing was not harmful is clearly indicated. 
on the originals, or habitually worked Although the boys ranked lower than the 
either downhill or uphill in a single period. — girls on the initial tests and although their 
For example, a pupil might begin work on work scores were lower, they solved more 
the A level, the B level, or the C level, but) A originals correctly and they ranked 
he might try, during the same period, higher on all the final tests than the girls. 
some easier or harder originals than those In the upper quartile the girls had high- 
on which he started. er ratings on the initial tests than the boys. 

There were eight boys who habitually They spent less time on A originals and 
stayed on one level of difficulty through- solved fewer A’s than the boys, but they 
out the period. These boys ranked rather both spent more time on and solved more 
high on the initial tests, tended to work on B and C originals, and they rated higher 
the A originals, and did very well on the — onall the final tests. In the lower quartile, 
final tests. Only three girls habitually boys and girls rated about the same on the 
worked on the same level of difficulty initial tests. Boys spent more time on both 
throughout a period. These girls were low A and B originals than girls, although the 
in ability, worked habitually on the C — girls spent a little more time on C’s. The 
originals and did poorly on the final tests. boys solved more A, B, and C originals 


The Work Pattern of the Average Pupil 


Average Average Average 
Boy Girl Pupil 
Began work on A originals 11.9 9.2 10.5 days 
Began work on B originals 6.3 8.0 7.2 days 
Segan work on C originals 9.5 10.3 10.0 days 
Staved on same level during the forty-minute period 11.5 10.9 11.2 days 
Worked downhill during the forty-minute period 10.4 11.5 11.0 days 


Two boys and seven girls habitually than the girls, and they ranked higher on 
worked downhill. The averages for this all the final tests. 
group in intelligence, number of originals Studies on sex differences in mathemat- 
solved, and test scores were rather high. ics have shown that boys are superior to 
The three boys who habitually worked up- girls on geometry tests. It should be noted 
hill scored low on the initial and final tests here that in this experiment, the boys 
and solved no A originals. ranked lower than the girls on the initial 
For pupils to work habitually on the tests and higher than the girls on the final 
same level, or either uphill or downhill did — tests. There is rather more than a sugges- 
not indicate surely whether they were tion in these facts that the boys did not 
likely to succeed or fail. lose anything by their daring in selecting 
The typical person tended to rate him- geometry originals and that they may ac- 
self as high or low in ability, probably too — tually have gained. 
high as he worked downhill more than 
might be considered a healthy per cent of CONCLUSIONS 
the time for the average pupil. He was not 1. The grading of the originals into lev- 
flighty in his work as he only wavered up _ els of difficulty ranging from easy to hard 
and down on 2.8 days. was adequate, as shown by pupil work on 
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them. A check of the grading by experi- 
enced teachers of geometry indicated that 
such teachers can grade originals satisfac- 
torily for practical use, especially as con- 
cerns the very easy and the very difficult. 

2. Pupils in general learned to appraise 
their own ability. Because of the higher re- 
wards for the more difficult originals, pu- 
pils often began work on a level of diffi- 
culty higher than their average accom- 
plishment. However, most pupils tended 
to spend a large majority of their time on 
originals within their ability to solve. 

3. The more able pupils attempted and 
solved more A originals than did less able 
pupils; on the other hand, less able pupils 
attempted and solved more C originals 
than did the more able pupils. The work of 
schools closely paralleled that of indi- 
viduals—pupils in schools having a high 
average of ability attempted and solved 
more A originals; those in schools having 
a low average attempted and solved more 
C originals. 

4. The average scores on each of the 
final tests were higher for the experi- 
mental group than for the control group. 
The critical ratio of the difference of the 
means on Test 2 for the two groups was 
not statistically significant. The fact that 
it was much higher for the highest ability 
quartile than for the lowest ability quar- 
tile suggests that the experimental method 
is better for the superior pupil than the 
method used in the control group, as far 
as achievement on an objective test is 
concerned. It suggests also that the ex- 
perimental method does not help the pupil 
of low ability on an objective geometry 
test. 

The results of Test 3 showed that the 
work with more difficult originals in the 
experimental group was probably a help 
to pupils, regardless of their ability, in 
preparing them to work on a geometry 
test involving practical applications of 
geometric principles. 

5. Considering, along with test results, 
the number and types of originals solved, 
and the work habits of pupils, the follow- 
ing conclusions seems justified. The plan 


of pupil selection of graded originals in 
plane geometry was almost surely effica- 
cious for pupils of high ability, and prob- 
ably for pupils of average ability. Pupils of 
lowest ability were able to solve more 
originals when the element of pupil choice 
was not present (as in the control group), 
which may suggest that the procedure in- 
volving pupil choice discouraged them. 
There are no data to show that such pu- 
pils were helped by pupil choice. 

6. The plan of pupil selection probably 
has some slight advantage for boys. (a 
Boys were more daring than girls in at- 
tempting work on a high level, regardless 
of ability. (b) Boys solved more A origi- 
nals than girls but fewer B and C originals, 
thereby sacrificing somewhat on work 
scores. (c) Boys placed lower than girls on 
the initial tests but somewhat higher on al! 
the final tests. This suggests that their 
greater daring was not harmful and may 
have been beneficial. 


RECOMMENDATIONS 


The data presented indicate that the 
procedure of pupil selection of graded 
originals might advantageously be used 
in the teaching of geometry, especially in 
classes ranking high in ability. In ordi- 
nary classes it might be used also if the 
welfare of the best pupils is considered to 
be of more importance than that of the 
slowest pupils. However, the welfare ot 
the slowest pupils may be guarded by the 
use of graded originals in regular assign- 
ments not involving the time factor. This 
was not possible under the controlled con- 
ditions necessary to the experimental 
method under which all work was done 
within a given time and success or failure 
of the individual was better known to him- 
self and to others than need be the case 
under regular classroom conditions. 

In slow-moving classes there would be 
no advantage, and there might be possible 
harm, in permitting pupil choice with 
graded originals. For such classes the pro- 
cedure followed with the control group, 
an ordinary class procedure, is probably 
better. 
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The Story of the Parallelogram 


By Ropert C. YATES 


Louisiana State University, University, Louisiana 


RECENTLY I made a poll of a large num- 
ber of students on the status of the rather 
uninteresting parallelogram. Discounting 
the defining statement that it has equal 
opposite sides, I could find no information 
at large other than “its diagonals bisect 
each other.’”? Somehow this rather unpre- 
tentious figure has been laid aside to rust 
and I propose here to apply a bit of polish 
to see if its lustre cannot be brought forth 
in true brilliance. I think you will agree in 
the end that it does possess some memora- 
ble qualities which, although interesting, 





we are asked to establish equivalence of 
two plane polygons of equal area by im- 
posing one upon another. If these polygons 
are not identical in size and shape, then it 
follows that we should be able to create 
partial polygons from each given figure in 
such a way that these partial polygons will 
be congruent in pairs. In this transforma- 
tion from one given polygon to another 
by dissection the parallelogram plays a 
central role that is highly important. 

Fig. 1. Let P, Q be the midpoints of two 
sides of a given triangle ABC. If a cut is 


Cc 











Fig. 


fascinating, and sometimes exciting, seem 
to come to light in a surprisingly simple 
way. 

In the account to follow there will be 
much that can be transplanted to the high 
school classroom and yet some that might 
find receptive ears in college classes. In 
either or both cases, satisfaction may be 
added to pleasure only by actually mak- 
ing the models that are suggested by the 
pictures. Plenty of colored cardboard, a 
stout pair of scissors or photo trimmer, 
and an eyelet punch are necessary yet not 
difficult to supply. 


PARALLELOGRAMS IN DISSECTION 
The art of dissection grows naturally 


out of the principle of “superposition” as 
practiced in the Elements of Euclid. There 


€ 
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made along PQ (which is parallel to and 
half the base) the top piece may be ro- 
tated about P or Q to produce either the 
left or right parallelogram. 

Fig. 2. Given the parallelogram ABCD. 
From A draw a line to an arbitrary point 
X in DC. From B draw an arbitrary line to 
meet AX in Y. Let wand v be their lengths 
and @ their angle of inclination. Then 
uv- singis constant. If the fact is surprising, 
that it is obvious should be even more so: 
as X travels along DC, triangle AXB has 
a fixed base AB and a constant altitude 
equal to that of the parallelogram. Thus 
its area is constant and equal to half the 
parallelogram: 

uv: sing =ab- sind, 
where a and 0 are sides of the given paral- 
lelogram and @ their included angle. Ac- 
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cordingly, ifcutsbemadealongAX and BY, 
the three pieces will form a new parallel- 
ogram as shown with sides wu, v and angle ¢. 


Draw the semicircle on AG as diameter 
and extend BF to meet it in H. Then 
BH=,/(absiné). Now locate X so that 

















Fig. 2 


As a corollary, note that if X be coinci- 
dent with C and Y be the midpoint of AC 
then the area of the parallelogram is half 
the product of the diagonals and the sine 
of their included angle. 











AX = BH and drop its perpendicular from 
B. Cuts along AX and BY give three 
pieces which may be assembled into the 
square KM)! 

Fig. 4. The dissection shown here is the 














ee M 
Pal | io 
oD Xx FI SC 
1 .™ 
| Pl 8 
\ 
\\ —s 
\\ 
! \ 
| \ 
a J _. 
A a & G K 
Fic. 3 
C 
Q . Qs @& S PT 











Fia. 4 


Fig. 3. The preceding dissection may re- 
duce a given parallelogram to a square of 
equal area. If the area of the parallelogram 
is ab-sin@ then the side of the equivalent 
square is 4/(absin@), the mean propor- 
tional between a and bsiné. Construct as 
shown BG=BF=bsin@é on AB extended. 


transformation from a given triangle A BC 
to another, ABD, having the same base 
but with a specified angle ABD=8@. As 
in Fig. 1, reduce ABC to the parallelo- 

1 Certain restrictions will be noted here and 


elsewhere. Since for the most part they are 
obvious no special notes will be made. 
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gram ABP’P. Now cut along BS so that 


angle SBA =@ and translate the triangular 


piece BSP’ to the left thus forming paral- 


B 





lar corner pieces is half that of the quadri- 
lateral and therefore equal to the area of 
the parallelogram PQRS. These five pieces 
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lelogram ABSS’. Let T be the midpoint of 
SS’. Cut along AT and rotate the pieces 
ATS’ into their final position forming tri- 
angle ABD. If @ is too large or too small 
the dissection remains the same although 
more pieces are required. 

This transformation is important in 
that it constitutes a method of reducing 
by dissection a polygon of n sides to one of 


equal area having (n-1) sides. 











5 

may be assembled to form the parallelo- 
gram SS’P’P, and it is at once evident 
that the area of any quadrilateral is half 
the product of the diagonals and the sine 
of their included angle. 


PARALLELOGRAMS IN MOTION 


Now suppose we lift the parallelogram 
up out of its static existence by building it 
with jointed bars. This fresh kinematic in- 


/ 
P cxy’) 


Fig. 6 


Fig. 5. Given the quadrilateral ABCD. 
It is evident (see Fig. 1) that the mid- 
points P, Q, R, S, of its sides form the ver- 
tices of a parallelogram. The area of tri- 
angle SAP is one-fourth that of DAB. 
Thus the sum of the areas of the triangu- 


terpretation enhances its character with 
many an added attraction. 

Fig. 6. The points A, B of the double 
linkage shown are fixed to the plane. Then 
within the limits of the mechanism, the 
point P has two degrees of freedom. Let 
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a, b be the horizontal and vertical projec- 
tions of AB. Since the bar PP’ at all times 
remains parallel to AB, 

x’=xr+a, y’=y+), 
the equations of translation which prove 
of use in analytic geometry. 























Fig. 7. A combination of four parallelo- 
gram cells, restricted to a plane, will pro- 
duce the complex transformation W = 
Z:+Z.. It is obvious that the corners O, 
Z;, Z2, and W form a parallelogram in any 
position of the linkage. If Z; be fixed, then 
Zs has still two degrees of freedom, but 
once Z; and Z» are both fixed, W becomes 
fixed. The point W may be thought of as 
determining the resultant of the two forces 
OZ, and OZ,. Thus the linkage realizes 
vector addition. 

Fig. 8. If the parallelogram be a rhom- 
bus, it may be collapsed so that all four 
bars fall coincident. Then it may be re- 
opened in either of two ways as shown. 
Thus by fitting two such mechanisms to 
the top and bottom of a door, the door 
may be swung open in a clockwise or 
counter-clockwise direction, hinging at 
either the right or the left jam. 

Fig. 9. The common pantograph is the 
parallelogram with two extended legs. 
Here two sides of the rhombus RAQP’ 
have been extended their own lengths to 
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Fig. 8 
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O and P. Obviously at all times, OP’ = 
RQ=PP’=(3)(OP), with O, P’, and P 
collinear. Thus if O is fixed, P’ traces the 
same path as does P except reduced by 


A 


collinear, then P’ copies P with the reduc- 
tion ratio of OR/OA. For, triangles ORP’ 
and OAP are always similar and OP’/OP 
=OR/OA =constant. 





Fig. 10 
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one-half. The extension of this to multiple 
tracers P’, P’, P’’, ete., as shown is im- 
mediate. 

Fig. 10. The pantograph need not be 
built upon a rhombus. If the general par- 
allelogram RAQP’ has two of its legs ex- 
tended to O and P such that O, P’, P are 


Notice that the effect of the linkage is 
unchanged by lengthening the bar QP’ and 
moving RP’ parallel to itself so that R be- 
comes coincident with O. This is the pan- 
tograph shown in the right hand figure. 

Fig. 11. The pantograph was put to 
good use years ago by grandfather when 
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he used it as lazy tongs to pull chestnuts 
out of the fire or to carry live coals from 
kitchen to living room. 
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Fig. 12. Five rhombuses are jointed to- 
gether as shown. Obviously, M is always 
the midpoint of BC and AM is a median 
of the variable triangle ABC. The point 
G is two-thirds the distance from A to M 
and thus is invariably the centroid of 
ABC. 


l 
! 
(2) 





Eo 
Fig. 13. If the rhombus OPFQ has two 
adjacent sides extended it is an immedi- 
ate trisector of the general angle. Let the 
given angle be AOB and its bisecting line 


be OF. Draw the circle with center O and 
radius OP =OQ which meets the sides of 
the given angle in A and B. Fix the point 
O of the linkage at the vertex and move F 
along the bisecting line until the extended 
legs pass through A and B. Then angle 
POQ= (1/3) (AOB). For parallel lines in- 
tercept equal ares upon a circle. 
PQ=AQ'=P'B. 

But PQ=Q'P’, since these ares are sub- 
tended by vertical angles. So 


AQ’=Q'P’ =P'B or 
x POQ= (1/3)(AOB). 


Thus 


Fig. 14. Two adjacent legs of a paral- 
lelogram may be replaced by similar tri- 

















Fig. 14 


angular plates to give the skew panto- 
graph shown. If O is fixed and P traces a 
given curve, then P’ traces the same curvy 
enlarged by the ratio of similarity of the 
triangles and turned through a constant 
angle. It is found convenient here to use 
the notation of complex numbers. Let the 
points A and B be represented by the vari- 
ables a, b, respectively, and P’ and P by 
W :(2’+7y’), Z:(a+7y), respectively. Then 
since the triangular plates are positively 
similar: 

W —a=Kb, a=K(Z—b), 
where K = pe**, a being the constant angle 
P'AC=CBP and p the constant ratio of 
the lengths P’A/AC=CB/BP. Accord- 
ingly, 


W=K-Z, 


and the length OP’ is a constant multiple 
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of OP while angle P’OP remains constant 
and equal to a. 

Notice that the preceding equation es- 
tablishes the similarity of triangles P’OP 
and P’AC. Thus angles OP’P and OPP’ 
remain constant and triangle P’OP never 
changes shape. 

A special case is of interest. If p=1, the 
two triangular plates are isosceles and 


W =(e‘*)-Z, 
which, translated into the language of real 
variables, is 


x’+iy’= 


(cos at isin a)(xr + ry). 


quating reals and imaginaries, this pro- 
duces 


r’=2x cos a—y sina 


/ ° ! 
y I Sstn a-try COs Q@, 


the equations of simple rotation. Thus by 
combining this mechanism with the one 
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shown in Fig. 6 we have a mechanical de- 
vice for effecting a simultaneous transla- 
tion and rotation that is so essential in the 
St udy of conics. 
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Fig. 15. The jointed parallelogram here 
has one side fixed to the plane. Select any 
point P of the cross bar CD and draw PO 
parallel and equal to AD. It is clear that 
AD and BC 
remaining parallel the point P describes a 


as the linkage moves with 


circle with O as center. 

Fig. 16. However, if opposite sides be- 
come crossed and no longer move parallel 
to each other, the mechanism assumes a 
very sophisticated character. Draw PO 
parallel to AC and BD so that A, O, and 
B are collinear, and let AB=CD=2a; 
AD=BC=2b; (a>b). The reader may 
(AC)(BD) =4(a?—b?). 
Select O as the origin of a system of polar 


readily show that 


coordinates with OB as axis. The coordi- 
nates of P are (r, 6). Let M be the mid- 
point of AB and let OM=c. Let the dis- 
tance MT bez where T is the intersection 
of AB and CD. Then 


BD=2(BT)cos @= 


2(a—z)cos 0 
AC =2(AT)cos 6=2(a+z)cos 86, 


and since their product is constant and 
equal to 4(a?—b?), 


(a2—2z*)cos? 6=a*—b?. 


But r=2(c+z2z)cos 6 and thus, eliminating 


“. 


(r/2—c-cos 0)? =b? —a? sin? 0 


’ 


the polar equation of the path of P. These 
curves, for various choices of c, are the in- 
verses of the conic sections. As a special 
case, this last equation becomes, when 
a=b,/2 and c=o (so that P is the mid- 





Fig. 16 
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point of CD): 

r?=2b? cos 20, 
the equation of the familiar lemniscate, 
whose inverse is the rectangular hyper- 
bola. 


B 














Fig. 17 


Notice that in the crossed position of 
the parallelogram, the locus of P is a quar- 
tic curve while that for the uncrossed case 
is of the second degree. We might, there- 
fore, expect a locus of the sixth degree for 


\ 
7\?P 











Fig. 18 


a general three-bar linkage. This is, in 
fact, the case and the generated sextic will 
be found a study that is fascinating in its 
own right. 

Fig. 17. By fastening one of the shorter 
bars to the plane we obtain the motion of 
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an ellipse rolling upon another of the same 
size. Let P be the intersection of the longer 
bars. Then since AP=PC, DP=PB, 


AP+DP=AP+PB=2a, 


a constant. 


The point P thus describes an ellipse with 
A and D as foci. But, for the same reason, 
P also lies on a moving ellipse with B and 
C as foci. These curves are tangent at P 
and the rolling effect is apparent. Inci- 
dentally, if the bar AD is released from the 
plane and P forced to move along a line so 
that the directions of motion of the joints 
are always at right angles to the longer 
bars, the locus of a focus is the unduloid, 
a curve that plays a role in the theory of 
soap films. 

Fig. 18. Now attach one of the longer 
bars to the plane and let P be the point 
of intersection of the shorter bars extend- 
ed. From the construction DP = BP. Thus 

AP—BP=AD=2b, a 


constant, 


and P lies always on a hyperbola with A 
and B as foci. Again the effect is that of 





Fig. 19 


rolling, here one hyperbola upon another 
Notice that the directions of the asymp- 
totes of the fixed hyperbola are defined by 
the poistions of the mechanism when AD 
and BC lie parallel. 

Fig. 19. A most remarkable property of 
the exhibited 
here. Let PS be an arbitrarily chosen line 
parallel to AC and BD which cuts the bars 
in P, Q, R, S. Draw a circle passing 
through A, Q, R, and C and let it cut AD 
in M. Then, from the secant property of 
the circle, 


crossed parallelogram is 


(DM)(DA) =(DQ)(DC). 
But DA, DQ, and DC are themselves con- 
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stants and thus for all such cireles M is a 
fixed point of the bar AD. Accordingly, 


(PQ)(PR) =(PM)(PA)=constant, 


and thus Q and F are inverse points with 
respect to a circle centered at P. By sym- 
metry, QM, #, and S also form an inverse 
set. The mechanism then is an inversor 
and performs the familiar transformation 
by reciprocal radii. It may, for instance, 


clear that P, Q, R, and S lie always upon 
the line bisecting angle APB. The points 
Q and #& travel upon a circle with center at 
A. By the secant property, 

(PQ)(PR) =(PA+b)(PA —b) =a?—B?, 
where PA=a, QA=b. Thus this double 
cell may be used for inversion in place of 
the crossed parallelogram. Either of the 
pairs of bars (SA, SB) or (RA, RB) may 





Fig. 20 


he attached to the linkage of Fig. 16 to 
produce the conic sections, the mechanism 
involving only seven bars. 

Fig. 20. One of the well known princi- 
ples of inversion is that any circle through 
the origin of inversion transforms into a 
straight line perpendicular to the diameter 
through the origin. Let P be fixed at the 
pole of a system of polar coordinates and 
attach to Qa fifth bar OQ of any conven- 
ient length. Fasten O to the plane so that 
OP =OQ. Let OP be the polar axis and the 
coordinates of Q and I be (p, 6) and (r, 8), 
respectively. Then Q travels on the circle 
whose equation is 


p=2(OP)cos 8. 


Since, by the inversive property, p-r=k, 
a constant, the locus of R is 


r-cos 6=constant, 


a line perpendicular to the polar axis. This 
is the simplest known linkage for the gen- 
eration of straight line motion. 

Fig. 21. The union of two rhombuses en- 
joys the same inversive property that is 
inherent in the crossed parallelogram. It is 





Fig. 21 


be discarded and the remaining three 
joints which lie collinear will form an in- 
versive set. 
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Mathematics for the Modern Junior High School* 


By Earn Murray ano Rosert W. RircHie 
Santa Barbara, California 


A UNIQUE feature of this session was the 
absence of any prepared paper or set 
speech. Nevertheless, the session was 
planned carefully and laboriously. Kach 
member of the panel was secured under 
the arrangement that the session was to be 
a frank and open discussion of junior high 
school problems. The chairman prepared 
mimeographed sheets with suggestions for 
discussion which were mailed to each pan- 
el member about six weeks before the date 
of the session. Each member responded to 
these suggestions in writing, sending the 
material to the chairman, who mimeo- 
graphed it and returned a copy to each 
panel member. Because of this, each of us 
felt acquainted with the others and their 
viewpoints on the problems, even though 
we had never seen one another. We did 
not meet until the hour of the session. The 
suggested material sent out by the chair- 
man will appear at the first of the dis- 
cussion under each main topic, rather 
than appearing here as one document. 


Problem I. Where shall we begin mathe- 
matically in the seventh grade? 


The suggestions of the mimeographed 
copy were: “In line with modern tenden- 
cies in the elementary school to promote 
to junior high school on age basis and 
other bases than achievement of skill, may 
we assume that there is no positive be- 
ginning point for seventh grade mathe- 
matics other than a fair knowledge of the 
four fundamental processes? 

“Does this seem to be true in your 
school? What have you done or are doing 
to meet this changing condition? 

“Do you find that you must begin with 
seventh graders where they are, rather 
than assuming that they have at their dis- 

* A report of a session of the National Coun- 


cil of Teachers of Mathematics on the subject 
at Berkeley, California, July 5, 1939. 


posal a set of memorized mathematical 
skills? If in your system you can draw a 
line or state the mathematics situation in 
which you find your incoming students, 
please do so. 

“What is the basis for division of mathe- 
matics classes in the seventh grade?” 

This problem brought out some inter- 
esting points which led to an equally in- 
teresting conclusion. It became evident 
that throughout the country in general, 
old standards of achievement had been 
broken down. The junior high school 
teacher, instead of receiving groups of en- 
tering seventh grade pupils equipped with 
the set of memorized mathematics con- 
cepts once considered necessary for ‘‘pass- 
ing’ the sixth grade, is now faced by en- 
tering classes which fall about a year short 
of entering classes of bygone days. When 
this tendency became apparent, a quite 
common complaint of the junior high 
school teacher was ‘‘the elementary teach- 
ing isn’t what it used to be.”’? The sober 
reflection and common sense of many jun- 
ior high school mathematics teachers 
quickly refuted this idea; but still left 
many puzzled. Later, as the situation be- 
came more evident, its cause became more 
obvious. As brought out in our discussion 
(mainly by Dr. Lefever of the University 
of Southern California and Mr. Lindsay 
of the California State Department of 
Education) there are a number of con- 
tributing factors, some of which are: 

1. A general realization by elementary 
teachers of the validity of the contention, 
supported by many studies, that post- 
ponement of formal arithmetic in the ear- 
lier grades is beneficial. It was pointed out 
by Dr. Lefever that the work of the Com- 
mittee of Seven emphasizes the importance 
of mental maturity as a factor in readiness 
for learning arithmetic. Evidence gained 
from studies seems to indicate that a great 
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deal of valuable teacher time has been 
consumed in attempting to teach arith- 
metical concepts to children of the lower 
elementary grades before they are capable 
of absorbing them. Children who have had 
little or no formal arithmetic in earlier 
years soon ‘catch up” and display an 
adeptness equal to that of pupils of their 
own chronological age who have had the 
benefit of formal arithmetic training in 
ach grade. Carrying this reasoning to its 
logical conclusion, many systems have de- 
cided that sixth grade pupils are not men- 
tally ready for a systematic study of deci- 
mals, percentage and fractions and their 
inter-relatedness, and consequently have 
moved the systematic and formal study of 
these concepts up into the seventh grade. 

2. No failure program. The adoption of 
the ‘‘no failure program,” that is, promo- 
tion upon the basis of chronological age 
for socially desirable reasons, rather than 
upon the basis of achievement, has had at 
least one important effect. It lowered the 
average chronological age and _ conse- 
quently the mental maturity of the enter- 
ing seventh grade student. Again referring 
to Dr. Lefever: “In several school systems 
in Southern California either chronologi- 
cal age grouping or the no-failure program 
have resulted in a change in average 
chronological age for entering seventh 
grade pupils from twelve years and eight 
months to an even twelve years. This de- 
crease of some eight months in chrono- 
logical age means a definitely lower level 
of maturity for seventh and eighth grade 
pupils. In one medium-sized school system 
over six hundred pupils in the seventh and 
eighth grades were checked; a comparison 
was made between the arithmetic skill 
possessed by the seventh and eighth grade 
pupils in 1932 under a traditional promo- 
tion class with the arithmetic computation 
skill of the seventh and eighth grade chil- 
dren in 1935 after a definite no-failure pro- 
gram had been established. The mean 
grade placement for 1932 at the beginning 
of the seventh grade was 7.5, in 1935 the 
grade placement was 6.0. This decrease in 


arithmetic grade placement is due in large 
measure to the change in average chrono- 
logical age because on both the Progres- 
sive Achievement Test Manual and the 
new Stanford Achievement Manual the 
grade placement which corresponds to 
twelve years and zero months chrono- 
logical age is 6.2 not 7.0. In other words 
these children are doing as well as can be 
expected for their chronological age, but 
they are not living up to traditional stand- 
ards for a grade placement which was 
formerly rated as seventh grade. I do 
not mean to suggest that a no-failure pro- 
gram is necessarily bad, but I do believe 
that such a program should be accom- 
panied by a very careful adjustment of the 
arithmetic curriculum to the changes in 
pupil maturity.” 

Although this study referred to a par- 
ticular locality, it confirmed opinions 
unanimously expressed by members of the 
panel in the questionnaire sent out by the 
chairman previous to the meeting. Each 
member, in one form or another, expressed 
the idea that no fixed standard of mathe- 
matics skills could be expected of entering 
seventh grade students. 

3. A third factor which has had some- 
what similar effects is the adoption of 
an annual promotion program in many 
schools. Elimination of mid-year registra- 
tion and mid-year promotion make it pos- 
sible for a child to enter junior high school 
at the age of 11 years, 6 months. 

The conclusion drawn by members of 
the panel was that present conditions 
should be recognized and proper adjust- 
ments made. The situation seems to call 
for a careful re-analysis of the elementary 
program and a consequent adjustment of 
the seventh grade curriculum. 

Problem IIT. What is the place and function 
of drill in the learning process? 

The suggestions of the mimeographed 
copy were: ‘‘Are we trying to teach, in our 
mathematics classes, skills and knowledge 
of processes as the outgrowth of 


1. Maturation growth of child, 
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2. Comprehension of processes involved, 
and 


3. Meaningful use in student problems? 


When and what part does drill play in 


this learning process? 


Give some illus- 
trations of where drill has been used in 
your classes as an outgrowth of student 
demand because of properly motivated 
comprehension and use of a process. Give 
illustrations of (busy work) meaningless 
drill—and result on child.” 

The discussion on drill served to empha- 
size its importance and its dangers. Dr. 
Christofferson cautioned against the use 
of drill without first arousing in the pupil 
a consciousness of a lack of proficiency 
that should be remedied. If the child is 
made to feel that he needs practice in any 
particular process, the deadly monotony 
which is associated with meaningless drill 
is avoided. Dr. Christofferson was sec- 
onded by Dr. Lefever, who pointed out 
that drill should follow functional prob- 
lems filled with socially useful content, 
rather than precede these problems. Mr. 
Patton of Fresno explained an unusual 
and interesting technique used in his en- 
tering seventh grade classes as a review 
and prelude to practice in fractions. He 
uses a motion picture film, made by him- 
self, which takes the student through a 
review of addition of fractions and arouses 
a desire for greater proficiency. 

Miss Wilson of San Francisco pointed 
out that drill, after need had been aroused, 
should be continuous until accuracy and 
speed result. 


Problem III. Is there an established mathe- 
matical standard for passing the eighth 
grade? 


The suggestions of the mimeographed 
copy were: “In your school system, are 
the students supposed to attain a certain 
standard of achievement in the manipu- 
lative skills in order to pass the eighth 
grade? 

“Ts this standard of achievement quite 
rigid? If not, just how flexible is it? 


“Note: The answer to this should bear 
upon your attitude toward ninth grade 
mathematics.” 

None of the members of the panel re- 
ported.a fixed standard required to pass 
the eighth grade. Each member seemed to 
feel that a policy which demands an at- 
tainment of fixed standards by all pupils 
was indefensible, and that the present 
practice of attempting to extend each 
child to the limit of his ability was not 
only desirable, but the only practical one. 

Several of the schools represented used 
the results of eighth grade work as a basis 
for counseling the type of mathematics to 
be pursued in the ninth grade. Miss King 
of Oakland is using this method quite 
satisfactorily. 


Problem IV. How is mathematics and the 


core inter-related? 


The suggestions of the mimeographed 
COpy were: 

“Do you have a ‘core’ course in your 
Junior High School? If so, how many 
hours daily are devoted to it? What gene- 
ral theme or subject matter is it built 
around? How much mathematics is in it? 
How much time does a mathematics 
teacher spend in helping core teachers 
with the mathematics skills? Are any of 
the core teachers, or team of core teachers, 
specialists (or adequate) in mathematics? 
Have any of them taught a mathematics 
class, or are now teaching a mathematics 
class as well as a core class? 

“How much mathematics and what 
mathematics can be taught in a core 
course and what should be left for a spe- 
cialized mathematics class? For instance, 
it is quite probable that certain basic 
mathematics experiences could be taught 
more functionally in a core class. The 
understanding of certain instruments, 
graphs, maps, charts, which were once 
called mathematics are now considered to 
be problems of reading and social studies. 
Do materials now taught in a junior high 
school class need to be revised? Are we 
constantly revising these materials? How 











can certain integrative mathematics ex- 
periences and materials be supplied to the 
core teacher and classes? Suppose there is 
a need for mathematics knowledge in a 
core experience which is beyond the logical 
mathematics development of the group; 
interest has been aroused, learning readi- 
ness is apparent, what shall we do about 
it? 

“Should we strongly suggest units for 
the core that have a great amount of func- 
tional mathematics in them, such as units 
on business, home, consumer problems, 
taxation, insurance, etc.? 

“Can we keep on teaching mathematics 
in a logical sequential development and 
keep up the interest? What is the breadth 
of function of the mathematics teacher in 
his two fold duty of 


1. Contribution to core areas (material 
for classes and helping teachers) and 
2. Developing and satisfying those with 


special interest in mathematics?” 


Santa Barbara being the only school 
represented which had a core course, Mr. 
Ritchie was asked to speak on this prob- 
lem. His remarks, in effect, were as fol- 
lows: We do have core courses in our 
school. In the seventh grade three hours 
are devoted to the core, while in the eighth 
and ninth grade but two hours are thus 
used. The core takes the place of subjects 
formerly known as English, social studies 
and science, but should not be considered 
as a combination or “throwing together”’ 
of an English, a social studies and a sci- 
ence class, since the work in each core is 
built around some integrative theme. The 
amount of mathematics taught in the core 
varies, since some teachers, especially 
those who have taught mathematics, are 
quicker to see the functional mathematics 
possibilities than others. Mathematics 
teachers do not devote any set time to 
assisting core teachers but there is by and 
large, a very healthy spirit of co-opera- 
tion. The mathematics teachers, on one 
hand, point out mathematics possibilities 
in the core, while the core teacher, on the 
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other hand, requests the mathematics 
teachers to assist by clarifying mathemat- 
ical concepts or processes that may be 
needed in the core. On close examination 
it will be found that most core units are 
rich in functional mathematics possibili- 
ties, so that while it may be advisable to 
occasionally suggest a unit which has a 
great amount of functional mathematics, 
as a general rule it would be better to allow 
the core teacher to make his own decisions. 
After all, the core teacher is not expected 
to teach the pupil new mathematics, but 
to encourage the use of whatever mathe- 
matics knowledge the pupil possesses in 
any functional situation which may be en- 
countered in the core. The introduction of 
the core has not lessened the amount of 
time set apart for mathematics, since each 
pupil must spend a period a day in a math- 
ematics class. 

As further clarification of the Santa 
Barbara viewpoint we quote from the Re- 
port of Arithmetic Committee, Bulletin II-b, 
Oct., 1938, Santa Barbara City Schools 

“Arithmetic and Mathematics for Junior 
High School: In the junior high school the 
committee feels that the core course teach- 
ers should be helped to see the contribu- 
tion that number can make to a clear un- 
derstanding and enrichment of those con- 
cepts and principles which form the con- 
tent of the core course. Many social con- 
cepts cannot be adequately understood 
unless clarified by the use of number. Such 
terms as ‘Standardization,’ ‘Mass Pro- 
duction,’ ‘Standard of 
Living,’ ete. are practically meaningless 
unless number is introduced into the ex- 
planation. Effective comparison is like- 
wise impossible unless mathematics is 
used. For example, in studying the shift 
from the use of coal to oil; percentage is 
used to clarify the problem of why such a 
shift has taken place, a much more effec- 
tive procedure than that of developing the 
concept of percentage and searching for 
problems that illustrate it. We are not 
asking that core teachers stress the de- 
velopment of ratio, percentage, decimals, 


‘Economics,’ 
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ete., and look for illustrations of these in 
their units, but rather that they be aware 
of the contributions of these number skills 
and use them to facilitate the understand- 
ing and clarification of the problem under 
consideration. Members of this committee 
will work individually or with groups of 
junior high school core course teachers in 
helping them to become sensitive to the 
opportunities for arithmetic in their core 
course previews. 

“Tt is understood that in the core courses 

the use of number is primarily to clarify 
and enrich the concepts basic to the con- 
tent under consideration. 
“Tf, in the utilization of these mathe- 
matics skills in the core courses, the teacher 
should find instances of skills which need 
building up; it would be his duty to report 
these deficiencies to the mathematics 
teacher with the recommendation that 
they be remedied in the regular arithmetic 
class. In such event the mathematics 
teacher irrespective of his current plan will 
immediately give time to the development 
of such needed skills. It is apparent, there- 
fore, that the core course teachers do not 
carry the responsibility of developing or 
systematizing new skills and processes. 
Rather, they ask the co-operation of the 
mathematics teachers when such articula- 
tion will facilitate the core course. 

“In grades VII, VIII, and LX, there will 
be special attention given to arithmetic, 
and all of the pupils will be enrolled in 
these courses. In the seventh and eighth 
grade arithmetic, the teachers will be re- 
sponsible for systematically developing the 
concepts of, and skills in fractions, deci- 
all of which have to do 
with proportion. Again, it must be remem- 


mals, percentages 


bered that the enriched arithmetic experi- 
ences of the elementary grades will al- 
ready have developed considerable insight 
into these processes, and, in many cases, 
mastery of the simpler fractions, decimals 
(particularly as pertaining to money), and 
some grasp of percentage. In the formal 
arithmetie work of grades VII, VIII, and 
IX, the instruction will continue these be- 





ginnings of the elementary school and 
systematically fix them. Again, this post- 
ponement of processes that have formerly 
been attempted in the elementary years is 
made with the thought that the pupils will 
have matured sufficiently, at these later 
junior high school years, to master much 
more adequately these important arith- 
metical concepts and skills. 

“Again, in the junior high school the 
arithmetic committee will discuss with the 
shop teachers and the household arts 
teachers the manner in which they use 
functional arithmetic, to the end that the 
successful experiences of these junior high 
school departments can be made available 
to the general faculty. It is recognized 
that these special departments have, for 
some time, successfully developed arith- 
metic in connection with their shop and 
household arts projects. 

“In Junior High School Mathematics: 
All pupils shall be given as rich and as 
comprehensive adevelopment of advanced 
arithmetic and elementary mathematics 
as the maturity and interest of the Junior 
high school pupils can absorb. 

“It is supposed that the mathematics 
teachers will subject their classes to a wide 
variety of mathematics always in a func- 
tional and meaningful way. A record of 
pupil responses to each type of mathemat- 
ics presented will be kept fora purpose of 
arriving, eventually, at a curriculum for 
the grades, seven, eight, and nine. 

“Concurrently throughout the three 
years attention will be given to the de- 
velopment of skill in the use of fractions, 
decimals, and percentage. The work in 
mathematics in the senior high school pre- 
supposes a mastery of these skills in the 
a mastery which the 
functional experiences in the core courses 


junior high school 


are not adequate to develop.” 

In the discussion which followed Mr. 
Ritchie’s presentation, the chairman was 
asked to explain the relationship between 
mathematics and the core in the senior 
high school. Mr. Murray stated that there 
are no true core courses in Santa Barbara 
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High School at this time, but there are a 
few experimental courses preparatory to 
the adoption of a core. Being willing to ex- 
press himself concerning the issue, he pro- 
ceeded, in effect, as follows: 

Mathematics teachers should support 
the core idea rather than oppose or be in- 
different to it, because it is our best op- 
portunity to get needed materials taught 
to all students. At the present time less 
than 50% of our high school students 
take any mathematics course during their 
The which 
this minority study are designed for col- 
lege preparation, are generally pre-voca- 
tional and technical, and allow little time 
for cultural mathematics or “units about 
mathematics.’ The present tendency is 
certainly not toward any more required 
mathematics, but rather toward a lessen- 
ing of the requirement, so that our present 
50% may shrink considerably. We are 
very unhappy about this situation be- 
cause we are aware of the usefulness of our 
subject. The solution does not lie, how- 
ever, in berating the curriculum director 
for not seeing the need. He is continually 
beset by pressure groups demanding more 
courses. A study of this situation reveals 
that should time be given for all ‘“sub- 
jects” or ‘‘topics” to be taught to all stu- 
dents that requested 
groups, we would be forced to have a five 
year high school, and then students would 
have little time to spend on their special 
interest field. The very best we can hope 
for in the way of required time is a mathe- 
matics class designed for some remedial 
work in the skills of arithmetic. 


high school career. courses 


are by various 


There is a growing demand for the study 
of such topics as safety, consumer educa- 
tion, and family relations in the curricu- 
lum as well as the ever present pertinent 
and persistent problems of our social and 
economic life. At the present time certain 
phases of these topics are quite adequately 
discussed in the shop, homemaking, 
science, mathematics, English, social stu- 
dies, physical education, art, music, and 
commercial classes. The difficulty is that 
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a student not being exposed to all of these 
courses, is apt to get a partial view, or an 
overlapping of materials, rather than the 
wholeness of the problem. It is an educa- 
tion by parts and frequently unrelated and 
separated by large periods of time. The 
modern way would seem to be to study 
these problems by wholes, bringing in the 
contributions of the various school spe- 
cialists as they are needed to solve the 
problem under discussion. In this way our 
learning will become more functional. It 
will then be 
teachers to work 


our duty as mathematics 
with core teachers in 
helping them to use the functional mathe- 
matics which we believe is needed for the 
intelligent solution of these life problems. 

Mr. Murray proceeded to mention a few 
of the contributions which he believes we 
can make to the core program. 

1. A better knowledge of installment 
buying, as a contribution to consumer 
education. Recently much more readable 
and understandable material has appeared 
on this subject, and it would seem that we 
ought not to allow students to know noth- 
ing about this subject just because we fear 
that a core teacher might not teach every- 
thing about it. 

2. A better understanding of gambling, 
horse racing, slot machines, and other 
games of chance, as a contribution to 
broader social problems. The general pub- 
lic and youth in particular are wary of 
these things, but a mathematical knowl- 
edge and analysis is much better and more 
effective in building good citizenship than 
is a superstitious fear. 

3. Accurate reliable collection, 
statement and interpretation of statistics 


and 


for the understanding of economic issues 
We need the use of and at least partial 
understanding of food indices, standard of 
living levels, home budgets, rates of taxa- 
tion, social security schemes, old age pen- 
sions, and the ability to use statistics to 
predict trends.! 


1 Rosander, A. C. ‘‘Mathematical Analysis 
in the Social Studies.” THe Matuemarics 


TEAcHER, Vol. XXIX, No. 6, Oct. 1936. 
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4. A better understanding of insurance, 
investments, savings, and annuities, as a 
contribution to business, social, and eco- 
nomic problems. It is admitted that much 
of these subjects is beyond high school age 
and the simple mathematics mastered by 
every high school youth, but many for- 
mulas and fundamental rules could be 
used, even though with but partial under- 
standing, in much the same manner that 
Junior High School youth studies and uses 
mensuration of geometric figures long be- 
fore he is able to understand the proof of 
those formulas. 

5. A better and more useful interpreta- 
tion of data. This is a process of thinking 
and relates to all fields of subject matter. 
We need to learn to distinguish between 
relevant and irrelevant data, evaluate de- 
pendability of data and adequacy of meth- 
od of presentation, formulate conclusions 
in light of the data, and refrain from gen- 
eralizations when data is insufficient.” 

6. A better understanding of logical 
thinking and the nature of proof. This is 
certainly desirable in all phases of living. 
It includes the importance of definitions 
and assumptions in non-mathematical sit- 
uations such as government, advertising, 
ideals of conduct in school and communi- 
ty, and attitude toward law observance 
and enforcement. This is basic to human 
happiness for integration is the essential 
unity of assumptions of conduct with ac- 
tions of behavior. We need a thorough un- 
derstanding of induction, deduction, gen- 
eralization, analysis, and the role of au- 
thority in the reasoning process.* 

The things just mentioned have all been 
taught in mathematics classes where only 
asmall percentage of our students are ex- 
posed to them. They are really not mathe- 
matics. They are essentially life experience 
units, which need all departments of learn- 
ing to solve. It would seem that our most 

2 Progressive Education Association Evalua- 
tion in the Eight Year Study. Bulletin No. 3, 
Oct. 1985. Bulletin on Interpretation of Data. 

’ The National Council of Teachers of 


Mathematics. Thirteenth Yearbook, The Nature 


of Proof. 


probable chance of getting every student 
exposed to these essentials is to support a 
core course centered around the basic 
needs of the individual and then do our 
part in the solution of the problems.‘ 


Problem V. What shall be our mathematics 
program for the ninth grade? 


The suggestions of the mimeograph 
copy were: “What mathematics is re- 
quired of all students in your school? Is 
there a definite three year sequential de- 
velopment, or does the course stop with 
the eighth grade, and then something new 
developed for the ninth grade? Is some 
form of mathematics required in the ninth 
grade? If not, how many students (per 
cent) do enroll in ninth grade? What is 
your school set up in ninth grade? Do you 
think you should have a sequential three 
year program with some adjustment for 
individual and group differences? Do you 
think students should branch out into spe- 
cial interest fields in ninth grade such as 
shop mathematics, business, general 
mathematics, algebra? Do you think al- 
gebra should be taught in ninth grade? If 
algebra is taught, should we have two 
types of algebra—one for those who plan 
to use it in a professional field and one for 
those who take it only because it is de- 
manded for college entrance? 

“Should ninth grade be the beginning 
of specialization in mathematics or should 
the ninth grade mathematics course be of 
general educational value to all? 

“Is the student who takes algebra miss- 
ing other mathematics experiences he 
ought to have? 

“What should be the basis for division 
in the ninth grade? 

“How are these things done in your 
school? 

4 Mathematics in General Education. Com- 
mission on the Secondary School Curriculum of 
the Progressive Education Association. Revi- 
sion of June 1938. 

Materials Prepared by Participants in the 
Mathematics Group of the Progressive Educa- 
tion Association Summer Workshop at Sarah 
Lawrence College, Bronxville, N.Y. July 2- 
Aug. 13, 1937. 
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“Are you planning any change or revi- 
sion? 

“Tf there should be one course for all in 
the ninth grade what should be the con- 
tent? Combination of shop mathematics, 
business, simple and functional algebra, 
intuitional geometry, ete.? Upon what 
basic philosophy would you base your 
choice of curriculum materials?”’ 

At the present time nearly all, perhaps 
98% of our ninth graders are enrolled in 
a mathematics class of some kind. A few 
schools require mathematics of all stu- 
dents, but in a far greater number, the 
students are guided into it. The most com- 
mon courses are algebra, Junior business 
training, general mathematics, or shop 
mathematics. Some members of the panel 
thought that this arrangement is satisfac- 
tory, that the student should be guided 
intelligently into his interest field and that 
many should be allowed the opportunity 
to choose a year course in algebra at this 
time. Other members supported the post- 
ponement of formal algebra and the for- 
mulation of a ninth grade course based 
upon the ‘functional needs” of the stu- 
dents. 

Dr. Christofferson made the following 
statement, although time forbade any en- 
largement upon it: “I’d like to support 
briefly the contention that mathematics 
through the ninth grade should be so mod- 
ified as to be of general value to every boy 
and girl. No matter what the occupation 
or profession, everyone has need for quan- 
titative thinking of some kind and even 
logical reasoning of the type illustrated in 
tenth grade geometry. Specialization into 
shop mathematics, business mathematics, 
etc., should follow a general course packed 
full of illustrations of the use of mathe- 
matics in shops and business.’’® 

Dr. Lefever had previously pointed out 
that the chronological age grouping and 
no-failure program had resulted in a re- 
duction in average chronological age of 


5 To achieve any worthwhile results such a 
program should cover at least the work of both 
the ninth and tenth years. Editor. 
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eight months. This factor, coupled with 
various studies which have been made in 
the elementary schools showing rather 
definite gains from the postponement of 
formal arithmetic, would lead to the con- 
clusion that more advanced placement of 
arithmetic topics would be advantageous. 

Dr. Lefever said: “It would seem to be 
logical then to provide for maintenance 
activities in the later years of the junior 
high school and on into the senior high 
school period. 

“Most writers agree that drill should fol- 
low functional problems filled with so- 
cially useful content, rather than precede 
these problems. This may mean that we 
shall have to provide more opportunity 
for drill in later levels of maturity, and 
that provision in junior and senior high 
school should be made for maintenance 
activities. 

“Not only is the present trend toward 
greater emphasis upon the social concepts 
involved in arithmetic, but also upon the 
importance of developing a sense of num- 
ber meanings, and the ability to think in 
quantitative This quantitative 
thinking seems to be increased with the 
introduction of 


terms. 


a large number of com- 
paratively simple but. real-life problem 
solving situations. It would seem to be en- 
hanced also by the introduction of many 
problems requiring that the pupil esti- 
mate results of a problem or that he at- 
tempt to approximate the numerical solu- 
tion. It has always been my belief that 
more exercises in approximation or esti- 
mation would not only lead to a height- 
ened sense of quantitative values but also 
to important habits of checking and ac- 
curate computation. 

“T believe that it would be difficult to 
over-emphasize the importance of the 
right balance between skill in the swift 
and accurate computation of simple arith- 
metic combinations and the ability to 
solve socially useful problems involving 
quantitative thinking. It has been pointed 
out over and over again that these prob- 


lems must present a personal challenge to 
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the pupil, else they are not, in the strictest 
sense of the term, problems to him. 

“Another line of development in recent 
writing and research on the teaching of 
arithmetic seems to point toward a greater 
emphasis upon generalization rather than 
too narrow stress on the specificity of 
arithmetic learning. A number of studies 
have indicated the possibility and actual 
fact of considerable transfer of training 
from the study of one arithmetic process 
to other related processes. Stress on the 
more generalized approach to arithmetic 
problems should also contribute toward the 
development of a sense of number values. 

“From the standpoint of civic impor- 
tance, no phase of arithmetic has such 
outstanding merit as the ability on the 
part of each individual to evaluate legisla- 
tion, economic proposals, personal bud- 
gets, etc. in terms of their quantitative im- 
plications.” 

The junior high school people have 
never had an opportunity of working out 
this problem of what mathematics to 
teach in the ninth grade, because it was 
assumed that certain students needed four 
years of high school mathematics, and the 
only way to get this was to force algebra 
into the junior high school as a ninth grade 
subject. Many mathematicians are now 
desirous of breaking down the adamant 


walls between arithmetic, algebra, and 
geometry, and favor building a unified 


three year program of mathematics for the 
junior high school, using those sections 
and skills from arithmetic, algebra, trig- 
onometry and geometry, which functional 
needs dictate as being desirable for the 
work undertaken. Projects could be built 
up around 
1. The practical mathematics of any day 
in life—buying commodities and 
services, Insurance, rates of interest, 
installment buying, budgeting, use of 
simple formulas and equations, use 
and interpretation of graphs, simple 
probability and chance, mensuration 
of simple geometric forms around us, 
ete. 


2. Appreciational mathematics, its per- 
meation of life in machines, engineer- 
ing projects, form, figure, similarity, 
symmetry, art, architecture, design, 
etc. 

3. Mathematics as a pattern of thought, 
simple inductive and deductive prin- 
ciples, importance of definitions and 

au- 

thority and its use in thinking and 


assumptions, understanding of 


self-discipline. 
4. Emphasis upon quantitative think- 

ing, ete. 
These projects taught according to the 
maturation level of the child would dic- 
tate the skills and drills which would be 
taught in the ninth grade. The people who 
support this view are confident that upon 
this as a base could be built during three 
years of senior high school, a program of 
mathematics quite adequate for college 
entrance. 

Although studies have shown rather def- 
inite gains in the lower elementary grades 
from the postponement of formal arith- 
metic, yet it is also quite well established 
that because of the lowering of average 


chronological age together with other 
causes, that students are not adequately 
equipped with the skills and their use in 
social situations at the end of the eighth 
grade. Therefore, it seems advisable that 
in the ninth grade students have more 
basic mathematics, greater facility and ac- 
curacy in the application of this basic ma- 
terial, and less abstract algebraic symbol- 
ism without direct and immediate appli- 


cation. 
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For Sale 


ONE COMPLETE set (20 volumes) of THE Matruematics TEACHER from January 1921, 
when The National Council of Teachers of Mathematics was organized, up to date, is 
now available for $40, postpaid. This is unusually cheap, because it is just what the 
magazine would have cost if it had been ordered regularly. Write now to: 

The Mathematics Teacher 

525 West 120 Street 


New York, N. Y. 








THE ALGEBRA OF OMAR KHAYYAM 
By Daoubp S. Kasir, Ph.D. 


The author of the Rabaiyat was also an astronomer and mathematician. 
This work presents for the first time in English a translation of his algebra. 
In the introduction, Mr. Kasir traces the influence of earlier Greek and 
Arab achievements in mathematics upon the algebra of Omar Khayyam 
and in turn the influence of his work upon mathematics in Persia in the 
Middle Ages. The translation is divided into chapters, and each section is 


followed by bibliographical and explanatory notes. 


Price—$.50 
Sent postpaid 
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A Report on a Diagnostic Testing Program at 
Purdue University 


The Number Technique Ability of Students in 


Beginning Courses in Mathematics 


By M. W. Keer, D. R. Sureve, anp H. H. 


{LEMMERS 


Purdue University, Lafayette, Indiana 


Ir is desirable that the college teacher 
know what numerical manipulations his 
students can do when they enter freshman 
mathematics courses so that he will be 
able to remedy the more glaring deficien- 
cles as the course work proceeds, in order 
that the students may not be handicapped 
throughout the course, or even sometimes 
fail as a consequence of their disabilities. 
The high school and grade teachers are 
also interested in knowing what manipu- 
lative ability the students have retained 
so that they may increase the emphasis on 
those topics which students in general 
seem to forget, or have not mastered suf- 
ficiently well. 

In an attempt to determine the knowl- 
edge and the ability in the use of mathe- 
matical techniques suppposedly at the 
command of beginning students in fresh- 
man courses in mathematics at Purdue 
University, a set of three diagnostic tests 
was constructed by the authors. These 
tests may be classified as technique tests 
since they only sought to determine the 
student’s ability to understand and _ per- 
form correctly fundamental manipulative 
operations. Consequently, noso-called rea- 
soning or word problems were included. 
The first test included the fundamental 
operations on signed numbers and ele- 
mentary percentage. 

It is the purpose of this paper to discuss 
briefly the population tested and the test, 
and to present the factual information ob- 
tained from this first test on the ability of 
the students to perform the indicated 
signed number operations. 

No attempt was made to choose the 
group tested. They were the students as- 


B. Hi. M. W. 


Keller, and D. R. Shreve by a regular non- 


signed ‘to Drs. Downing, 
selective process of enrollment during the 
first semester of the school year 1939-40. 
That the group was a fairly good random 
sample of the entering freshman class was 
verified by checking the placement test 
percentile scores. The students tested con- 
204 the 
School of Engineering first semester math- 


sisted of who were enrolled in 
ematies course and 75 who were enrolled 


in the School of Science college algebra 


course. This was approximately 20% 
of the total enrollment in each of these 
courses. The results obtained for the 


two groups were kept separately, since 
those enrolled in the School of Engineering 
are required to present more mathematics 
for entrance than the others. However, for 
this paper the results will be given for the 
entire group as a unit. 

The test was composed of 32 pairs of 
That 
matched with a second problem which in- 


problems. is, each problem was 
volved the same operations, and in terms 
of the judgments of the investigators was 
of equal difficulty. That they were of ap- 
proximately equal difficulty was verified 
from the actual results obtained on the 
test. The coefficient of correlation (‘“‘odds 
vs. evens’) was 0.936. On the test the 
matched problems were so arranged that 
no pair was close together. Each type of 
problem included was so selected as to in- 
volve only those manipulative processes 
which occur in college algebra and trig- 
onometry problems as determined from an 
analysis of the problems in the textbooks 
used at Purdue University. The test was 
mimeographed with a place provided by 








322 


each problem for the answer and necessary 
computations. It was given at the second 
meeting of each class without previous 
notice. 

Since a student may know the manipu- 
lative processes involved and still make 
an error on one of the problems of a pair, 
we shall take as a measure of the students’ 
inability (8.I.) to solve a certain type of 
problem the sum of those who were unable 
to do either problem, those who omitted 
both, and those who got one wrong and 
omitted the other one of the matched pair, 
divided by the total number of students. 
This should be a fairly accurate measure. A 
slight error may be introduced if a student 
makes a careless error on both problems. 
In problems as simple as those used this 
is not likely to occur frequently, and con- 
sequently the error introduced by this 
method of measuring will be relatively 
small. 

It is also of interest to know just how 
accurate the students are in carrying out a 
manipulation which they know how to 
perform. As a measure of student accuracy 
(S.A.) we shall take the ratio of the total 
number of students who had both prob- 
lems correct to the number who had both 
correct plus those who had the correct 
answer for one of the matched pair. 

In order to get a complete view of the 
test and the resulting information, the ac- 
companying table is given. This table in- 
cludes the problem pairs which were used 
in this test. These problems have been 
grouped together by pairs for the pur- 
poses of this discussion. In addition the 
student inability (S.I.) and student ac- 
curacy (S.A.) as previously defined are 
given. The problem pairs are listed accord- 
ing to student inability. 

From the table certain facts can readily 
be deduced. A few of the more important 
ones will be discussed. It is quite apparent 
from problem pair 32 that most of the stu- 
dents do not understand that division by 
zero leads to difficulty when one considers 
that any answer which indicated a recog- 
nition of an unusual situation was counted 
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correct. The number of students who knew 
that division by zero was an excluded op- 
eration was negligible. Most 
which were counted correct gave the ac- 
tually incorrect answer “infinity.’’ This 
shows that if the students 
taught that “division by zero is impossi- 
ble’’ if the fundamental operational postu- 


responses 


have been 


lates are to be consistent, it has never been 
sufficiently emphasized. This concept is of 
fundamental importance in mathematics. 
Had the students thoroughly understood 
the process of division as the inverse op- 
eration from multiplication, and had they 
reflected at all, they would have seen at 
once the inconsistency of their answers. 

In problem pair 31 is displayed a second 
glaring deficiency, the inability to carry a 
division to a specified number of places 
and “round off” correctly. That is, in 
both problems, the fourth decimal was 
more than 5 so that it was necessary to in- 
crease the third decimal place by one in 
order to have the correct answer. 

The problems in percentages present 
some rather interesting information. Thus 
it is seen from problem pair 4 that this 
type of manipulation is definitely well 
understood. If the students are required, 
however, to perform the same operation 
on a fraction as in problem pair 24 then 
there is a definite inability to handle it. A 
somewhat similar situation occurs with 
regard to problem pairs 11 and 27. If the 
percentage problems are considered as a 
group then it does not seem that the stu- 
dents understand the fundamental con- 
cepts any too well. 

The accuracy in manipulation was far 
from satisfactory in every instance where 
any detailed computing was required. This 
could no doubt be materially improved by 
some intensive drill stressing accuracy and 
by demanding of students in all courses in 


elementary high school and university 
mathematics that they not only under- 
stand the process, but also that they do 
the manipulative work correctly. Though 
it is not possible to over-stress the under- 
standing of the mathematical principles 

















NUMBER TECHNIQUE ABILITY OF STUDENTS 


involved in the solution of any problem, be sacrificed in attempting to attain 


still the accuracy objective should never understanding of the principles. 


Problem Pair 


Ls 


to 


Problems S.I. S.A. 
Ss y 
63 > 2 56 &X .O1 .89 
rf) S 
3 : 23 = .02 .92 
} 2 5 3 
- . : 04 81 
1 9 6 8 
17% of 93 = - 13% of 97 = 05 80 
3 - 3 . 
Write ‘ as a decimal; Write — asa decimal .O4 91 
0 
16 25 ia 
= - = 0 85 
Visi V 49 oo 
3 5 4 5) 
O07 . 84 
7 S 8) “4 
») 7 27 9 
O74 82 
O7 09 
5 5 -_ 
11x<— : 31 > = 07 76 
‘ y 
15 21 
xO = ~ xO = .OS 9] 
9] 32 
3 3 
Convert , to per cent; Convert — to per cent .OS 90 
”~ 
(.2)?= . (.3)%= .OS 89 
5 2 5 3 
= : + = OS S4 
9 13 56 «14 
97 .6 X .0708 = : 79.6 X .0807 = OS .68 
0 0 
— = . = 09 90 
13.7 47 .3 
Write .007 as a fraction; Write .009 as a fraction .09 .87 
7 13 BS ay 
: = ; = = 10 85 
IS 18 18 15 
is li 15 2) 
= = 13 84 
23 23 31 3) 
simplif : simplif : 1 7 
s ££ = : Ne) | ‘ = 15 .4d 
implify { r : mplify { , 
14 33 45 36 
= : a = 18 .62 
356«— 40 22 55 
5\ 2 3\2 
Gy- 3: @y- nm 
3 2 
What per cent of 50 is 9?; What per cent of 25 is 7? .19 78 
3 3 
.84+—= ‘ .81- = 19 .64 
( Ss 
ae 7 “ 3 
7% of = : 3% of = .19 .62 
3 7 
19 /19 Sf Siz 
‘ - ; 3 = 20 88 
lly 8 13/ -11 
Write 2.7% as a decimal; Write 3.9% as a decimal 27 .93 


Write .007 as a per cent; Write .009 as a per cent 28 .90 
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Problem Pair Problems (continued) S.I S.A 
28. (correct to 1 decimal) .68+.0079= ; .78+.0089= 31 ot 
3 2 
29. Simplify: =” : Simplify: —~ = oe .88 
V/2 V3 
30. Write 2.7% as a fraction; Write 3.9% as a fraction mY 88 
ol. (correct to 3 decimals) 3.798 +8.7= ; 3.897+9.8= .67 .48 
32. 7.9+0= ; 8.3+0= 46 .90 





The Doctrine of Postponement 


AT THE conference of the Society for the Promotion of Engineering Education, in 
Berkeley, California, during the last week of June, the Council of the Society, acting 
for the Society, adopted the following preamble and resolution. The Executive Com- 
mittee of the Council was instructed to transmit it to educational groups to be selected 
by the Committee, with power, such groups to be selected because of their position to 
influence the schools in behalf of the resolution. This resolution deserves consideration, 
for it comes from a group of men who do not teach mathematics, but who know the 
need of the subject. 

“In various parts of the country there seems to be a movement to postpone and 
abbreviate the courses in mathematics given in the secondary schools. This movement 
apparently does not recognize the fact that these courses are essential prerequisites for 
the future training of scientific and engineering students, and that the university has 
not postponed and cannot postpone the mathematical or the scientific and engineering 
instruction in the university, if its graduates are to enter those professional fields. 
Moreover, at the present time, for our own defense as a nation, it is suicidal not to de- 
velop the most thorough kind of training for engineers. 

“We wish to go on record as recommending that there be no postponement in the 
mathematical education in the secondary schools of those students who are to seek 
careers in science and engineering. In particular we feel that it is essential that a full 
four-year program of mathematics be available in the high schools for capable stu- 
dents, beginning with a year of college preparatory algebra in the ninth grade. We fee! 
that this subject should not be postponed and also that thorough work in trigonometry 
and in solid geometry should be available. 

“This resolution in no way implies that university preparatory courses be required 
of all students. But this group feels very strongly the importance of providing sub- 
stantial courses in mathematics for those who need them in preparation for future 
work or for those who choose to elect them. We believe that to be effective these courses 
must begin with algebra at least as early as the ninth year, that is, the first of the last 
four years in the secondary schools.” 
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Shall We Defer the Teaching of Algebra 
to the Tenth Year?* 


By Harriet A. WELCH 
Lowell High School, San Francisco, California 


In tHe April number of the monthly 
bulletin published by the California State 
Department of Education, there appeared 
the following statement: “Replies from 
324 public high school principals establish 
that more than half of these institutions 
have moved algebra from the ninth to the 
tenth grade. Plane geometry is an eleventh 
year subject in more than a third of these 
schools; in some, it is even postponed to 
the twelfth year.” 

This, of course, is not news to those 
teaching in high schools; but it seems that 
an association devoted to the study of 
mathematics might well take time for its 
consideration. What has brought about 
the change? Is it a change for the better? 

1. A primary cause has no doubt been 
the failure of too many pupils in algebra 
and geometry, so that principals and par- 
ents are dissatisfied. 

2. Many (including some teachers of 
mathematics) believe that lack of matur- 
ity may be partially responsible for the 
failures. 

3. It is necessary to give some pupils 
further training in arithmetic since they 
have been promoted on account of chrono- 
logical age without mastering arithmetic. 

4. The trend is to try to have all high 
school courses closely related to real life 
situations and the feeling persists that for- 
mer courses in algebra and geometry do 
not so function. 

5. Perhaps, because some people, who 
are not prepared to teach elementary al- 
gebra, have too often been assigned classes 
in it, pupils have learned mechanical rules 
and not principles. The 
teachers who have later taught these pu- 


fundamental 


* Paper presented before the Northern 
California Section of the Mathematical As- 
sociation of America, January 27, 1940. 


pils are dissatisfied with results. This is 
not universally true. Some of our pupils 
acquit themselves creditably when ques- 
tions of algebraic nature arise in geometry. 

One of the most difficult questions to 
answer is Just how much the difference in 
the student’s age affects his grasp of the 
subject. Professor W. D. Reeve has during 
the past year published three editorials in 
THE MATHEMATICS TEACHER on the de- 
ferring of algebra. In one, replying to an 
article by W. B. Brown, Director of Sec- 
ondary Curriculum, Los Angeles, he says, 
“It is clear that the idea held by Mr. 
Brown that algebra is too hard for junior 
high pupils is shared by many other edu- 
cators, particularly those who are not in- 
terested in the mathematics program. The 
notion that algebra and geometry be 
‘pushed up’ if followed to any large degree 
really means pushing these subjects out 
altogether. It is important to point out 
that the solution of the problem is to have 
them begin the study earlier not later than 
the custom. Of course,’ he continues, ‘‘a 
great deal depends upon what is taught 
in algebra.” 

Let us consider the difficulty due to 
poor preparation in arithmetic. No one 
would contend that there are not many 
pupils who require remedial arithmetic. 
However, is it not possible that pupils im- 
prove in arithmetic while studying al- 
gebra? 

In THe Matuematics TEAcHER, No- 
vember 1939, a paper was published 
“Does a year’s exposure to algebra im- 
prove a pupil’s arithmetic ability?” An ex- 
periment at the High School of Commerce 
in New York City is described which 
seems to have been carefully conducted 
and which showed such an improvement 
in the case of 200 pupils tested. Many 
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teachers of algebra have hoped that the 
pupils were learning some arithmetic along 
with algebra. If we consciously aim to do 
this, we may make better progress in this 
respect. 

A year ago at the meeting of this as- 
sociation in San Francisco, we heard a 
summary of the preliminary report of the 
Joint Commission of the Mathematical 
Association of America and the National 
Council on the Place of Mathematics in 
Secondary Education. Following is a quo- 
tation from that report: 

“Although the ninth year program in 
this plan is one in general, or composite 
mathematics, the chief constituent is alge- 
bra but it is algebra, according to the pat- 
tern of recent years and not the algebra 
of two or more decades ago.”’ 

In outlining the work of the tenth year, 
the writers of the report say that while 
demonstrative geometry will be the cen- 
tral theme, other fields stressed previously 
are not to be ignored. It will perhaps be 
recalled that the report provides for some 
algebra and intuitive geometry and even 
trigonometry in the seventh and eight 
grades. 

The advocates of the movement to de- 
fer algebra feel that a course in general 
mathematics largely composed of arith- 
metic is more beneficial to the majority 
than algebra. At first thought one may 
agree. Certainly those deficient in arith- 
metic, if capable of learning it, should 
have more training in it. However, in the 
vase of better students, cannot what is of 
real value be given either earlier or intro- 
duced into the algebra? Some years ago, 
some high schools replaced ninth year al- 
gebra by general mathematics. Two criti- 
cisms were made at that time. The stronger 
students as one boy put it, thought it was 
spread too thin and the weaker ones were 
bothered by the shifting from topic to 
topic in various fields. It was with a feel- 
ing of relief to most people that we re- 
turned to ninth year algebra. Personally I 
believe that we can do no better than fol- 
low the plan outlined in the preliminary 
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report of the Joint Commission, that is, 
improve the course in algebra but retain 
it in the ninth year. 

May I 
Reeve? He says, ‘‘Evidence is beginning 


once more quote Professor 
to accumulate that certain communities 
throughout the country that discarded 
ninth grade algebra from the course of 
study are putting it back again where it 
used to be. It is to be expected that when 
parents realize what their children are los- 
ing by having no training in mathematics, 
they will demand a hearing.”’ 

Teachers realize that there is a group 
which should not attempt algebra in the 
ninth year or ever for that matter. It is of 
the better students that we think when we 
object to deferring it. Possibly the greatest 
injustice is to those young students who 
welcome a challenging new subject and 
are able to grasp it. It is immaterial 
whether this is for college preparation or 
not. And incidentally, many find algebra 
easier than arithmetic. 

Considering the later plans of students, 
some boys and girls who do not Zo to col- 
lege want as complete a high school edu- 
cation as possible which in many cases in- 
cludes mathematics, especially where boys 
are interested in navigation or aviation. 

It is claimed by some that courses for 
college preparatory purposes should bi 
postponed until as near the time of colleg: 
entrance as possible. It is evident if alge 
bra is to be postponed, prospective en 
gineers will be handicapped but many 
ninth grade pupils do not know their fu 
ture plans. Unless a pupil studies mathe 
matics, he does not know whether he is 
interested in it or not. Professor Bacon o! 
Stanford University pointed out in his 
talk before the National Council how co 
lege students in social science and biolog) 
needed to know more mathematics than 
the minimum two years in high schoo! 
Moreover, some law schools advise mor 
than two years of high school mathemat- 
ics. So, we might well say to the college 
preparatory group what youneed is not de- 
ferred mathematics but more mathematic 
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Last semester, at the University of Cal- freshmen were enrolled in engineering) 
ifornia, 200 were enrolled in trigonometry, time needed for other courses was being 


335 in intermediate algebra, 755in analyt- used for high school work. 
ic geometry, a total of 1290. This, I am There are still many schools where al- 


told, is a fair estimate of the number who © gebra is taught in the ninth year and 


ge- 
take mathematics in their first semester ometry in the tenth. Why not then teach 
at the university. Certainly, the 755 in arithmetic to those who need it without 
analytic geometry would have been at having the others mark time? Cannot we 
some disadvantage if they had not taken postpone algebra and geometry when nec- 
a complete course in secondary mathe- essary without holding back those ready 
matics. for these subjects? There are in our high 

Note also, 200 took trigonometry, 335 schools pupils capable of studying profi- 
high school algebra, and 75 solid geometry tably more mathematics than is offered. 
in college. If they were continuing in Let us not take away the opportunities 
mathematics or engineering (and 308 they now have. 





Fiftieth Anniversary of the University of Chicago 


More THAN 500, members of three mathematical organizations, the American Mathe- 
matical Society, the Mathematical Association of America, and the Algebra Conference, 
will attend meetings at the University of Chicago in 1941, held in connection with the 
celebration of the University’s fiftieth anniversary. 

The three mathematical groups are among thirty-one learned societies, more than 
15,000 of whose members will gather at the University in its Anniversary Year, which 
begins in October, 1940, culminating in an academic festival in September, 1941. 

Announcement at the University of the meetings was made by Frederic Woodward, 
vice-president emeritus and director of the Fiftieth Anniversary Celebration. The 
mathematicians will meet in the last week of August and the first week of September, 
1941. 

One of the youngest of the great American endowed universities, the University of 
Chicago reaches the fiftieth anniversary of its founding recognized as an eminent pioneer 
in education and research. 





Tue Late Ambassador Walter Hines Page was formerly editor of the World’s Work 
and, like all editors, was obliged to refuse a great many stories. A lady once wrote him: 
“Sir: You sent back last week a story of mine. I know that you did not read the story, 
for as a test I had pasted together pages 18, 19, and 20, and the story came back with 
those pages still pasted; and so I know you are a fraud and reject stories before reading 
them.” 

Mr. Page wrote back: ““Madame: At breakfast when I open an egg I do not have to 
eat the whole egg to discover it is bad.” 
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Teaching the Subtraction of Signed Numbers 


By A. E. Karra 
University High School, University of Illinois, Urbana, Illinois 


Mosr textbook writers are agreed that 
the best way to introduce the addition of 
signed numbers is by the means of a hori- 
zontal or vertical scaled line. When the 
vertical line is used the direction upward 
is positive while downward is negative, 
and addition is carried out by placing a 
marker on the point of the line corre- 
sponding to one of the addends and then 
counting off as many units upwards or 
downwards as suggested by the other ad- 
dend. The sum of the two addends is that 
number on the scaled line where the mark- 
er has stopped after the operation. 

However, for the subtraction of two 
numbers these authors advocate a method 
in which the difference is determined by 
reading the number of units and the 
direction taken on the scaled line in pro- 
ceeding from the subtrahend to the minu- 
end. Logically and pedagogically this 
manner of subtraction is not as sound as 
the following effective method. 

The scaled line is a device designed to 
give some concrete basis to the secondary 
school student for his introductory work 
with signed numbers. If this device is 
used in one way for reading off the an- 
swers to addition and later in an entirely 
new way for reading off the results of 
subtraction, confusion is bound to result. 
It is much better to treat subtraction as 
the ‘‘opposite’”’ of addition so that the 
results in both operations are determined 
by the number on the scaled line where 
the marker has stopped at the conclusion 
of the operation. 

To subtract, therefore, place a marker 
on that point of the scaled line which 
corresponds to the minuend; the magni- 
tude of the subtrahend indicates the num- 


ber of units to be counted off, the direc- 


tion of the counting (opposite to that 
taken if this were an addition problem 


being determined by the sign of the sub- 


read off in 
exactly the same way as in addition. 

For example: In the exercise (+7) 
(—5)=? the marker is placed on th: 


trahend. The answer is then 


point (+7) of the sealed line. Now, if the 


(—5) was to be added to the (+7) we 
would count off 5 units downwards, but 
since this is a subtraction problem we 
must expect a different result from that 
obtained in addition, hence we have no 
choice but to proceed upwards 5 units 
The marker now rests on (+12). 

Another example: (—3)—(+8)=? 
Place marker on the point of the scaled 
line corresponding to (—3). If we were 
adding (+8) we would operate upwards 
8 units; for subtraction, therefore, we 
must go down 8 units. The marker will 
now rest on (—11), the difference. 

This method of subtraction has two out- 
the student has 
learned how to use the scaled line for ad- 


standing merits. Once 


dition in the approved manner, subtrac- 
tion follows easily as the logical ‘fopposite” 
of addition with no chance for confusion 
in the reading of answers. More impor- 
tant, however, this new method provides 4 
illustration for the 
terpretation of the (+) and (—) signs as 
symbols of operation or opposition. ‘The 
fact that (+7)+(—5) will give the same 
results as (+7)—(+5) can be demon- 
strated and some reasonable explanation 
can be given for the identical answers. 
In conclusion it should be emphasized 
again that the use of the scaled line does 
not prove anything; it is merely a device. 


concrete double in- 
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By NATHAN LAZAR 
The Bronx High School of Science, New York City 


Bulletin of the Association of Teachers of 
Mathematics of New York City 


Fall, 1939, Vol. 3, No. 1. 
1. Hlavaty, Julius H., “Report of the Activi- 
ties of the Association,” p. 1. 
2. Eisner, Harry, “Report of Curricular Com- 
mittee,’? pp. 3-5. 
Etta, 
Ninth 


Seminar 


Year Mathematics,” pp. 


3. Greenberg, “Report on 
Course in 
5-6. 

1. Paley, George L., “Problems of Teaching 
Mathematics in the Junior High Schools,” 
pp. S-11 

5. Kramer, Edna E., “Cartesian vs. Synthetic 
Proof,” pp. 11-13 


The Mathematical Gazette (England 


ebruary, 1940, Vol. 24, No. 258 

1. Richardson, A. R., “Abstract Algebra,” pp. 
15-24. 

2. Blackwell, A., Doubts 
Teaching of Mathematics in 
Schools,” pp. 30-41. 

3. McLean, E., 


59. 


About the 


Secondary 


“Some 


“Pythagorean Numbers,”’ p. 


The Mathematics Student (India 


March, 1940, Vol 8S, No. 1. 

l tao, B. S. Madhava, ‘Generalized Geom- 
etry and Physical Theories,” pp. 11-34. 

3. Sperling, Maurice, “On the Number I,” 

pp. 41-43. 


School Science and Mathematics 


April, 1940, Vol. 40, No. 4. 

1. Brown, H. Emmett, “The Plight of High 
School Physies, IIT. Mathe- 
matics,”’ pp. 368-376. 

June, 1940, Vol. 40, No. 6. 

1. Tingley, E. M., “‘Base Eight 
and Money,” pp. 503-508. 

2. Read, Cecil B., ““A Century Old Arithmetic 
Work Book,” pp. 516-517. 

3. Charosh, Mannis, “Theory of Numbers in 
Secondary Mathematies,’”’ pp. 518-529. 

1. Fraden, Jules H., Tully, Paul M., 
“Mathematics and General Co- 
operate in Junior High School,’ pp. 541 
544, 

5. Barnett, I. A., ‘Reasoning 
Mathematies,’”’ pp. 548-556. 


Mismanaged 


Arithmetic 


and 
Science 


Problems in 


to 


to 


Scripta Mathematica 


March, 1939, Vol. 6, No. 2. 
& 


Keyser, Cassius Jackson, ‘‘Pythagoras,”’ 
pp. 17-22. 

Moritz, Robert E., “The Dual of Napier’s 
Rules of the Circular Parts,” pp. 23-25. 
ticheson, W. A., ‘‘Notes on an Unpublished 


Manuscript of Valentin Engelhardt,’ pp. 


26-31. 
Watson, E. C., “A Possible Portrait of 
Arthur Cayley as an Undergraduate at 


Cambridge,”’ pp. 32-36. 

Schaaf, William L., ‘‘Mathematiecal Curiosi- 
ties and Hoaxes,’”’ pp. 49-55. 

“Curiosa,”’ p. 56 
Mossman, Edith L 
made?”’ pp. 57-58. 


, ‘‘Man-made or God- 


Misce llane OUS 


Brogden, R. C., 
Discovery in 
School (Secondary 
December, 1939. 
Brownell, W. A., “Borrowing in Subtrac- 
tion,” Journal of Educational Res¢ 
115-424, February, 1940. 
Brueckner, L. J., 
search in Diagnosis in Arithmetic,”’ Journal 
of Educational Research, 33: 460-462, Feb- 
ruary, 1940. 

Brueckner, L. J., and Melbye, H. O., ‘‘Rela- 
Difficulty of Types of 
Division with Two-Figure Divisors,”’ Jour- 
nal of Educational Research, 33: 401—414, 
February, 1940. 

Cracknell, S. H., ‘‘Arithmetical Disability: 
Weakness in Problem Solving,’ New Era, 
21: 41-44, February, 1940. 

Dickey, J. W., ‘‘Readiness for Arithmetic,”’ 
Elementary School Journal, 40: 592-598, 
April, 1940. 

Hannelly R. J., ““Mathematics Offerings in 
Junior Colleges,” Junior College 
10: 260-263, January, 1940. 
Hartung, M. L., Hawkins, G. E., 
“Selected References on Secondary-School 
School Review, 


“Place and Importance of 
Teaching Mathematics,”’ 
Edition - 28: 346 348, 
arch, 33: 


“Significant Trends in Re- 


tive Examples in 


Journal, 
and 


Instruction: Mathematics,” 
48: 140-144, February, 1940. 
Hartung, M. L., and Trimble, H. C., “Types 
of Reading Guidance Essential in Mathe- 
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matics,’ Chicago University, Recent Trends 13. Risden, G., ‘What Price Mechanization? 


in Reading, pp. 280-287. Some Notes on Arithmetic Learning in thi 
10. Hazeltine, L. A., ‘‘Basie Physics as a Part Modern School,” Progressive Education, 5 

of Mathematics,” Journal of Engineering 58-60, April, 1940. 

Education, 30: 699-703, April, 1940. 14. Schiefer, J. W., “Playing Mathematies it 
11. McQueen, H. C., “Elementary Mathe- the Junior High Schools,’’ Ohio Schools, 18 

matics,’ Journal of Education (London), 72: 161, April, 1940. 

135-136, March, 1940. 15. Wilson, G. M., ‘“New Incidence of Learning 
12. Mulligan, H. A., “Transfer of Training: A for the Fundamentals of Arithmetic,”’ 

Problem for Teachers of Mathematics,” Journal of Educational Research, 33: 425 

School (Secondary Edition), 28: 872-875, 433, February, 1940. 


June, 1940. 





The National Council of Teachers of Mathematics 


Official Notice 


As Secretary of the National Council of Teachers of Mathematics, I officially an- 
nounce the annual election of certain officers of the National Council, said election to 
take place at Atlantic City, New Jersey, February 22, 1941. Article III Section 7 of 
the By-laws states: “At least two months before the date of the annual meeting, all 
members shall be given the opportunity, through announcement in the official journal, 
to suggest by mail for the guidance of the directors a candidate for each elective office 
for the ensuing year. At least one month before the annual meeting the secretary of 
the board of directors shall send to each member an official ballot giving the names of 
two candidates for each office to be filled. These candidates shall be selected by a 
nominating committee of the board of which the secretary shall be chairman. The 
election shall be by mail or in person and shall close on the date of the annual meeting.” 

At the Atlantic City Meeting, February 26, 1938, of the National Council the nom- 
inating committee consisting of the two most recent ex-presidents and the secretary 
as chairman (for this year: Martha Hildebrandt, H. C. Christofferson, and Edwin W 
Schreiber), was instructed to prepare an official ballot suggesting two eligible candidates 
for each elective office and reserve a blank space for a third prospective candidate which 
may be written in by the voter. The officers to be elected at the 1941 Atlantie City 
Meeting are: Second Vice President, 1941-1942; and three Directors, 1941-1943. Since 
there is to be no primary ballot, affiliated organizations, local clubs, or individual mem- 
bers who wish to present names for the official ballot should do so by writing the 
secretary immediately. The official ballot will be sent to members through the mail the 
first week in January. 

The periods of service of the officers of the National Council, from its organization in 
1920 to the present time, are printed on page 331. 


EpwIn W. ScHREIBER, Secretary 
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John R. Clark, Editor, 1921 





The National Council of Teachers of Mathematics 


Organized 1920 


Incorporated 1928 


Pe riods of Se rvice of the Officers of 
the National Council 


Honorary Presidents 


*H. E. Slaught, Chicago, Ill, 1936-1937 


Presidents 


1. C. M. Austin, Oak Park, IIl., 1920 

2. J. H. Minnich, Philadelphia, Pa. 1921-1923 

3. Raleigh Schorling, Ann Arbor,. Mich., 1924 
1925 

t. Marie Gugle, Columbus, Ohio, 1926-1927 

5. Harry C. Barber, Exeter, N. H., 1928-1929 

6. John P. Everett, Kalamazoo, Mich., 1930 
1931 


7. William Betz, Rochester, N. Y., 1932-1933 
8. J. O. Hassler, Norman, Okla., 1934-1935 
9. Martha Hildebrandt, Maywood, IIl., 1936- 
1937 
0: BB. <. 
1939 
11. Mary A. Potter, 


Christofferson, Oxford, Ohio, 1938 


tacine, Wis. 1940-1941 


Vice-Presidents 


1. H. O. Rugg, New York City, 1920 
2. kK. H. Taylor, Charleston, Ill., 1921 
3. Eula Weeks, St. Louis, Mo., 1922 

t. Mable Sykes, Chicago, IIl., 1923 

5. Florence Bixby, Milwaukee, Wis., 1924 

}. Winnie Daley, New Orleans, La., 1925 

7. W. W. Hart, Madison, Wis., 1926 

&. C. M. Austin, Oak Park, Ill., 1927-1928 

9. Mary 8S. Sabin, Denver, Colo., 1928-1929 

10. Hallie S. Poole, Buffalo, N. Y., 1929-1930 
ll. W.S. Schlauch, New York City, 1930-1931 
12. Martha Hildebrandt, Maywood, IIl., 1931 


1932 


3. May A. Potter, Racine Wis., 1932-1933 

4. Ralph Beatley, Cambridge, Mass., 1933- 
1934 

15. Allen R. Congdon, Lineoln, Neb., 1934-1935 

16. Florence Brooks Miller, Shaker Heights, 
Ohio, 1935-1936 

17. Mary Kelly, Wichita, Kansas, 1936-1937 

18. John T. Johnson, Chicago, Ill., 1937-1938 

19. Ruth Lane, Iowa City, Iowa, 1938-1939 

20. E. R. Breslich, Chicago, 1939-1940 

21. F. L. Wren, Nashville, Tenn. 1940-1941 


1: 
l 


Secretary-Treasurers 


J. A. Foberg, Chicago, fil. 1920 1922, 1923 


1926, 1927, 


Directors) 


1928 (Appointed by Board of 


Edwin W. Schreiber, Ann Arbor, Mich., and 
Macomb, IIl., 1929- (Appointed by the Board 
of Directors) 


Committee on Official Journal 


1928 
W. D. Reeve, Editor, 1928 
Vera Sanford, 1929- 


*H. E. Slaught, 1928-1935 
W. 3S. Schlauch, 1936 


Directors 


Marie Gugle, Columbus, Ohio, 1920-1922, 1922, 
1928-1930, 1931-1933 


Jonathan Rorer, Philadelphia, Pa., 1920-1922 


Harry Wheeler, Worcester, Mass., 1920-1921 

W. A. Austin, Fresno, Cal., 1920-1921 

W. D. Reeve, Minneapolis, Minn., 1920, 1926- 
1927 

W. D. Beck, Iowa City, Iowa, 1920 

*Orpha Worden, Detroit, Mich., 
1924-1927 

C. M. Austin, Oak Part, IIll., 1921 
1927, 1930-1932, 1940-1942 

Gertrude Allen, Oakland, Cal., 1922-1924 

W. W. Rankin, Durham, N. C., 1922-1924 

Eula Weeks, St. Louis, Mo., 1923-1925 

W. C. Eells, Walla Walla, Wash., 1923-1925 

*Harry English, Washington, D. C., 1925-1927, 
1928-1930 

Harry C. Barber, Boston, Mass., 
1930-1932, 1933-1935 

*Frank C. Touton, Los Angeles, Cal.,1926—1928 

Vera Sanford, New York City, 1927-1928 

William Betz, Rochester, N. Y., 1927-1929, 
1930-1931, 1934-1936, 1937-1939 

Walter F. Downey, Boston, Mass., 1928-1929 

Edwin W. Schreiber, Ann Arbor, Mich., 1928 
1929 

Elizabeth Dice, Dallas, Tex., 1928, 1929-1931 


1921-1923, 


992 
1923, 


1924- 


1925-1927, 


* Deceased 


J. O. Hassler, Norman, Okla., 1928, 1929-1931 
1933 

John R. Clark, New York City, 1929-1931 

Mary S. Sabin, Denver, Colo., 1929-1930, 1931- 
1933 

J. A. Foberg, California, Pa., 1929 

C. Louis Thiele, Detroit, Mich., 1931 

Mary Kelly, Wichita, Kan., 1932 

John P. Everett, Kalamazoo, Mich., 1932-1934 

Elsie P. Johnson, Oak Park, IIl., 1932-1934 

Raleigh Schorling, Ann Arbor, Mich., 1932-1934 

W.S. Schlauch, New York City, 1933-1935 

H. C. Christofferson, Oxford, Ohio, 1934-1936, 
1937-1939 

Edith Woolsey, Minneapolis Minn., 1934-1936, 
1937-1939 

Martha Hildebrandt, Maywood, IIl., 1934-1935 
. L. Hartung, Madison, Wis., 1935-1937, 
1938-1940. 

Mary A. Potter, Racine, Wis., 1935-1937 

Rolland R. Smith, Springfield, Mass., 
1937, 1938-1940 

E. R. Breslich, Chicago, IIl., 1936-1938 

L. D. Haertter, Clayton, Mo., 1936-1938 

Virgil S. Mallory, Montclair, N. J., 1936-1938, 
1939-1941 

Kate Bell, Spokane, Wash., 1938-1940 

A. Brown Miller, Cleveland, Ohio, 1939-1941 

Dorothy Wheeler, Hartford, Conn., 1939-1941 

Hildegarde Beck, Detroit, Mich., 1940-1942 

H. C. Charlesworth, Denver, Col., 1940-1942 


1933 


1935 
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Seventh December Meeting of the National 
Council of Teachers of Mathematics 


To BE held jointly with the Mathe- 
matical Association of America and the 
American Mathematical Society at Baton 
Rouge, Louisiana, December 30, 1940- 
January 1, 1941. 

General Theme: The Relation Between 
Enriched Mathematical Experience and 
Enriched Community Experience. 

The sessions of the Council will begin 
Monday morning December 30th and 
continue through Wednesday morning 
January Ist. The regular sessions of the 
Mathematical Association will be held on 
Thursday morning and afternoon January 
2nd. A joint session of the Mathematical 
Association and the National Council is 
scheduled for Wednesday 
joint dinner of the three mathematical 


morning. A 


organizations is planned for Wednesday 
evening. 

An excursion to St. Francisville and its 
environs to visit some of the old colonial 
residences is planned for Tuesday after- 
noon. Other alternative excursions may 
be planned later. 


Monpay, DECEMBER 30 


1. General Meeting 
10:00 a.m. Himes Hall, Room 104 
Presiding—Ruth Lane, University of Iowa, 
Iowa City, lowa 
1. What Should Enriched Community 
Experience Mean to the Secondary 
School Pupil? 
Dean Clarence A. Louisiana 
State University, Baton Rouge, La. 
2. What Should Enriched Mathematical 
Experience Mean to the Secondary 
School Pupil? 


W. W. Hart, Kenilworth, IIL. 


Ives, 


3. How May Teachers of Secondary 
School Mathematics Emphasize the 
Relationship Bet ween Enriched 


Mathematical and En- 
riched Community Experience? 
Etoile Wright, City Schools, Tulsa, 
Okla. 
2. Senior High School 

1:30 p.m. Himes Hall, Room 204 

Presiding—A. R. Congdon, University of 
Nebraska, Lincoln, Neb. 

1. Word Problems in Algebra 

Elizabeth Dice, North Dallas High 
High School, Dallas, Tex. 


Experience 
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2. The Social Studies Curriculum and 
Mathematics 
Dorothy McCoy, Belhaven College, 


Jackson, Miss. 


3. What Price Enrichment? 


J. O. Hassler, University of Oklahoma, 
Norman, Okla. 


3. Junior High School 
1:30 p.m. Himes Hall, Room 104 


Presiding—H. C. 


Christofferson, Miam 
University, Oxford, Ohio 

1. Some Perplexing Questions Relating t 
Junior High School Mathematics. 
R. Schorling, University of Michigan, 
Ann Arbor, Mich. 


2. Do We Practice What We Preach? 


Math: 


Veryl Schult, Supervisor of 
matics, Washington, D.C. 


3. The Logical Result of Enriched Pupil 


. ee 


Experience. 
Nelson Tull, East Side 
School, Little Rock, Ark. 


acher Training 


High 


Junior 


1:30 p.m. Himes Hall, Room 201 


Pr 


M 


3:00 p.m. Nicholson Hall, 


Pr 


3 
3 
+ 
4 
4 
4 


4 
5 


M 


10 
Pr 


esiding—G. H. Jamison, State Teachers 
College, Kirksville, Mo. 

1. The Training of Southern Associatior 
Teachers of Secondary Mathematics 
im. “Xs Uni- 
versity, Baton Rouge, La. 

2. The Role of Mathematics in Our Pres- 
ent Civilization. 

H. E. Buchanan, Tulane University, 
New Orleans, La. 
athematical Movies 


Karnes, Louisiana State 


toom 104 


esiding—Ruth Stokes, Winthrop College, 
Rock Hill, S. C. 
00—Circles 
3:15—Know your Money 
:30—Geometry in Action 
:45—Rate of Change 
:55—The Equation X+X=0 
:05—A Hypocyclic Motion 
:10—Individual Differences in Arithmetic 
:30—Parabola 
:45—The Generation of Involute Gear 
Teeth 
:55—Modes and Motors 


10—Precisely So 

ultisensory Aids 

730 a.m. 

esiding—E. H. C. 
Teachers College, 
N..J. 

1. Fourth Dimensional Models in Second- 
ary School Mathematics 
Harriet Herbert, Edmunds 
School, Sumter, S. C. 


Hildebrandt, State 
Upper Montelair, 


High 
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SEVENTH DECEMBER MEETING 


to 


. Geometry via the Laboratory 
Robert C. Yates, Louisiana State Uni- 
versity 
3. Visual Aids 
Kate Bell, 
School, Spokane, Wash. 


Student Made 
Lewis and Clark High 
7. General Meeting 
8:00 p.m. Nicholson Hall, Room 104 
Presiding—J. O. Hassler, University of 
Oklahoma, Norman, Okla. 
1. Address of Welcome 
S. T. Sanders, Head of Department of 
Mathematics, 
versity, Baton Rouge, La. 

President of National 
Council of Teachers of Mathematics. 
Mary Potter, Supervisor of Mathe- 
matics, Racine, Wis. 

3. Address 
W. B. Carver, 
Ithaca, Ne. 


Louisiana State Uni- 


2. Response of 


Cornell University, 


Turespay, DECEMBER 31 


8. Senior High School 
8:30 a.m. Himes Hall, Room 204 
Presiding—W. D. Reeve, Teachers College, 
Columbia University, New York, N.Y. 
1. Use of Applications for Instructional 
Purposes. 
E. G. Olds, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 
2. Panel Discussion 
Members of Panel—E. G. Olds, Chairman 
Kate Bell, Lewis and Clark High School, 
Spokane, Wash. 


W. J. Bordelon, University High School, 
University, La. 
Mrs. H. L. Garrett and Several Pupils, 


Instrouma High School, University, La. 
H. S. Kaltenborn, Louisiana Polytechnic 
Institute, Ruston, La. 
Thirza Mossmann, Kansas State College, 
Manhattan, Kansas. 
Frank A. Rickey, Louisiana State Uni- 
versity, Baton Rouge, La. 
9. Teacher Training 
8:30 a.m. Himes Hall, Room 201 
Presiding—L. H. Whitcraft, Ball 
Teachers College, Muncie, Ind. 
Needed by Mathematics 
Teachers in Service 


State 
1. Assistance 
Jessie May Hoag, Jennings HighSchool, 


Jennings, La. 
The Place of the Supervisor in Train- 


to 


ing Mathematics Teachers in Service. 
H. G. Ayre, Western Illinois State 
Teachers College, Macomb, III. 

3. Desirable Training for Supervisors of 
Mathematics. 
R. Schorling, University of Michigan, 
Ann Arbor, Mich. 


10. 


ni. 


13. 
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Arithmetic 

8:30 a.m. Himes Hall, Room 104 

Presiding—C. C. Richtmeyer, Central State 
Teachers College, Mt. Pleasant, Mich 


1. Useful Mathematics that Children 
Enjoy. 
H. C. Christofferson, Miami Univer- 


sity, Oxford, Ohio. 

A Meaningful Way of Teaching Divi- 

sion of Fractions. 

Thelma Tew, Florida State College for 

Women, Tallahassee, Fla. 

3. Making Arithmetic of Greatest Value 

to the Community. 
R. L. O’Quinn, Louisiana State Uni- 
versity, Baton Rouge, La. 

Visual Aids 

10:30 a.m. Nicholson Hall, 


To be announced. 


bo 


toom 104 


Tuesday Afternoon is open for excursions to 
points of interest. 

Southern University Meeting 

7:00 p.m. Southern University, Room 114 
Science-Agriculture Building. 

Presiding—S. T. 
University, Baton Rouge, La. 

1. The National Council of Teachers of 

Mathematics; Its Purpose and Pro- 


Sanders, Louisiana State 


gram. 

Mary Potter, Council President and 

Supervisor of Schools, Racine, Wis. 

How Council Publications 

Teachers of Mathematics. 

"sa Publications Editor, 

Teachers College, Columbia Univer- 

sity, New York, N.Y. 

3. How the National Council of Teachers 
of Mathematics May Negro 
Teachers and How They May Serve 
the Council. 

Mrs. Ethel Harris Grubbs, Washing- 
ton, D.C. 


to 


Serve 


teeve, 


Serve 


WEDNESDAY, JANUARY 1 


Arithmetic 
8:30 a.m. Himes Hall, Room 104 
Presiding—Edith Woolsey, Minneapolis, 
Minn. 
1. Some Experimental Evidence on Mas- 
tery by the Meaning Method. 
C. Newton Stokes, Temple University, 
Philadelphia, Pa. 
2. The National Council Committee Re- 
port. 
R. Schorling, University of Michigan, 
Ann Arbor, Mich. 
3. How Instruction in Arithmetic Might 
Be Improved. 
J. O. Pettiss, Louisiana State Uni- 
versity, Baton Rouge, La. 








14. Joint Session of Council and Association 
8:30 a.m. Nicholson Hall, Room 104 
To be announced 

Afternoon—Sugar Bowl Football Game, 1:15 

p.m. 

15. Joint Banquet with Association and Society 
7:30 p.m. 

Provision for registration has been made 
for the Association, Council, and Society 
in Evangeline Hall. There will be a place 
in Himes Hall also. Himes Hall, Room 110 
has been provided as a conference and 
committee room. Anyone who might wish 
to schedule a committee meeting or a 
group conference should write to Dr. P. C. 
Scott, Louisiana State University. 

Rooms are available in the dormitories 
of Louisiana State University at a rate of 
$1.50 per day for single rooms and $1.00, 
each per day for two or more in a room. In 
the Stadium Dormitory (for men) rooms 
are available for $1.00 for single rooms and 
75 cents per day for two or more in a room. 
Meals will be served at reasonable rates at 
Highland Hall, the Faculty Club, and the 
Field House Restaurant. 

Rooms may also be had at the Baton 
Rouge hotels whose rates are as follows: 


Hotel Heidelberg, single $2.50—$4.00, 
double $3.50—$5.00, all rooms having pri- 
vate bath. Hotel King and Istrouma 
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Hotel, single $1.50-$3.00, double $2.50 
$5.00. Hotel Louisian, single $1.50—$2.00, 
double $2.25-$3.50. In the King, Istro- 
uma and Louisian single rooms at $2.00 
and up and double rooms at $3.00 and up 
have private baths. Hotel 
should be made early with the managers 
since the 


reservations 


during their 


winter season and at the time of the Sugar 


meeting occurs 


Bowl football game. 


Members are advised to consult their 
local agents concerning special winter 


tourist rates on the railroads. 

Tickets for the Sugar Bow! game will be 
on general sale after November Ist. The 
sale of prices is as follows: 

Box seats $5.50. 

Reserved seats lines 
$4.50. 

All other seats in east and west stands, 
$3.50. 

All seats in North and south stands, 
$2.75. 


between 25 yd. 


Negro section, $2.75. 

All prices include tax. All seats are re- 
served. Requests for tickets should be 
made direct to Maison Blanch Co., Corner 
Canal and Daulphin Sts., New Orleans, 
La. Checks should be made payable to the 
Maison Blanche Co. 





The Problem 


Another hard problem in ’rithmetic? 
What is it that’s bothering now? 
Come over here by the window, dear, 
And Daddy will show you how. 


“Ah! ... Jane had twice as many as John; 
We're told how many Jane had; 

To find out the number John received 
What must we do, honey?” 


“Add?” 


““No, little girl; we’ll try it once more; 
This time think hard, Alice; try! 
John had half as many as Jane; 

What shall we do?” 


—“‘Multiply?” 


“Come! Come! don’t watch the children out 
there! 
That isn’t the way to act! 
Jane had ten, twice as many as John; 
Can’t you see what we do?” 
“Subtract?” 


“You say ‘add,’ ‘multiply,’ and then ‘subtract’; 
That isn’t the way to decide 
How examples are done; you must think them 
out; 
Come! try once again.” 
“Divide?” 


“That’s right; you divide; and what do you 
997 
get? 
“Five? 


” 


“Yes; see what it’s all about? 

Is there something you’d like to ask me, dear?’ 
“Daddy, may I go out?” 

F.W.R 
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State Representatives of the National Council of Teachers 
of Mathematics 


Alabama: J. Eli Allen, Phillips High School, 
Birmingham. 

Arizona: Miss Myra R. Downs, 93 W 
Culver St., Phoenix. 

Arkansas: Dr. Davis P. Richardson, Uni- 
versity of Arkansas, Fayetteville. 

California: Miss Emma Hesse, University 


H.S., Oakland. 


5. Colorado: H. W. Charlesworth, East H. S., 


Denver. 

Connecticut: Miss Dorothy 38. 
Bulkeley H. S., Hartford. 

Delaware: Harry E. Algard Jr., Dover Spe- 
cial School District, Dover. 

Dist. of Col.: Mrs. Ethel Harris Grubbs, 
751 Fairmont St., Washington, D.C., and 
Miss Veryl Schult, Wardman Park Hotel, 
Washington, D.C. 

Florida: Dr. F. W. Kokomoor, University of 
Florida, Gainesville. 

Georgia: Dr. Eucebia Schuler, 312 W 
Church St., Americus 

Idaho: H. Main Shoun, Supt. of Schools, 
Jerome 

Illinois: Dr. Henrietta Terry, 
H.S., Urbana 

Indiana: Dr. L. H. Whiteraft, Ball State 
Teachers College, Muncie. 

Kearney, Iowa State 
Teachers College, Cedar Falls 

Kansas: Dr. U. G. Mitchell, Univ. of Kan- 
Sas, Lawrence. 

Kentucky: Miss Dawn Gilbert, 1331 Clay 
St., Bowling Green. 


Wheeler, 


University 


Towa: Miss Dora 


Louisiana: Miss Jessie May Hoag, Jennings 
H. S., Box 837, Jennings 

Maine: Miss Pauline Herring, 360 Spring 
St., Portland. 

Maryland: Miss Agnes Herbert, Clifton 
Park Jr. H. S., Baltimore 

Massachusetts: Harold B 
Houston Ave., Milton. 

Michigan: Dunean A. 8S. Pirie, 950 Selden 
Ave., Detroit 

Minnesota: H. G. 
Iron. 

Mississippi: 


Garland, 129 


Tiedeman, Mountain 

Dewey 8S. Dearman, State 
Teachers College, Hattiesburg. 

Missouri: G. H. Jamison, State Teachers 
College, Kirksville. 


25. 
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Montana: Miss Gertrude Clark, 403 Eddy 
Ave., Missoula 

Nebraska: Dr. A. R. Congdon, University 
of Nebraska, Lincoln. 

Nevada: Miss Emily Ross, Nevada Uni- 
versity, Reno. 

New Hampshire: H. Gray Funkhouser, 
Phillips Exeter Academy, Exeter. 

New Jersey: William C. Leach, 142 Liberty 
St., Paterson. 

New Mexico: Miss Olive Whitehill, 402 
West Sth St., Deming. 

New York: H. C. Taylor, Benjamin Frank- 
lin H. S., Rochester. 

North Carolina: Professor H. F. 
Chapel Hill 

North Dakota: Miss Henrietta L. Brudos, 
State Teachers College, Valley City. 

Ohio: Mrs. Florence Brooks Miller, 3295 
Avalon Road, Shaker Heights. 


Munch, 


35. Oklahoma: Miss Eunice Lewis, 2203 E. 14th 
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. Tennessee: Dr. F. L 


. Vermont: C. H. 


St., Tulsa. 

Oregon: Edgar E. 
Oregon, Eugene. 

Pennsylvania: Dr. Charles R 
Hershey. 

Rhode Island: W. Wilson Talley, Mary C. 
Wheeler School, Providence. 

South Carolina: Miss Hortense Rogers, 
Winthrop College, Rock Hill. 

South Dakota: Miss Josephine Wagner, 
Sioux Falls Schools, Sioux Falls. 

W ren, Peabody Col- 


DeCon, University of 


Atherton, 


lege, Nashville 

Texas: Miss Elizabeth Dice, North Dallas 
H.S., Dallas 

Utah: Edwin M. Bronson, West High 
School, Salt Lake City. 

Nicholson, 328 North 
Ave., Burlington. 

Virginia: Miss Carrie B. Taliferro, Box 102, 
State Teachers College, Farmville. 

Washington: Miss Kate Bell, The Lewis and 
Clark H.8., Spokane. 


. West Virginia: Miss May L. Wilt, 107 High 


St., Morgantown. 


. Wisconsin: Elmer Schuld, Wisconsin High 


School, Madison. 


. Wyoming: Dr. O. H. Rechard, University of 


Wyoming, Laramie. 
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Do you have these handbooks? 
MATHEMATICAL NUTS $3.50 
MATHEMATICAL CLUBS AND RECREATIONS — $2.75 
MATHEMATICAL WRINKLES $3.00 


By Samuel |. Jones 


“I would not have sent for the books if I had known the price. However, am glad that 
I did not know it, because I am delighted with the books and am glad to pay for them. 
I know I shall find them useful next year. Have always had nut-cracking every Friday 
in class, and I find this a most popular sport.” 

—A. V., San Diego, California 


“This is the third volume I have of your father’s creation, and I know that not many who 
have them can possibly derive more pleasure therefrom.”—T. J. CRAWFORD, Editor, 
“The Linking Ring”, Official publication of the International Brotherhood of Magicians, 
Kenton, Ohio. 


If you desire further information please write at once. 





S. |. JONES CO., Publisher 
1122 Belvidere Drive Nashville, Tenn. 





Please mention the MatHEeMaTiIcs TEACHER when answering advertisements. 




















A MerrRY AND MATHEMATICAL CHRISTMAS TO ALL THE READERS 
OF THE ‘‘MATHEMATICS TEACHER” 














MATHEMATICS AIMS 


—and the books that realize them 


CARDINAL: All subjects of instruction 
(including mathematics) are to contribute 
to the achievement of the main objectives of 
education: health; command of fundamental 
processes; worthy home membership; voca- 
tion; citizenship; worthy use of leisure; 
ethical character—Condensed from The 
Cardinal Principles of Education. 


* * * 


REQUIREMENTS: The primary pur- 
pose of the teaching of mathematics (in 7th 
to 9th grades) should be to develop those 
powers of understanding and analyzing re- 
lations of quantity and of space which are 
necessary to an insight into and control over 
our environment. . . . Logical principles of 
organization are of less importance than 
psychological and pedagogical principles. 

One of the greatest weaknesses of the tra- 
ditional courses is the fact that both the in- 
terests and the capacities of pupils have 
received insufficient consideration and study. 
The demand for “practical” problems should 
be met in so far as the maturity and pre- 
vious experience of the pupil will permit. 
But above all, the problems must be “real” 
to the pupil, must connect with his ordinary 


thought, and must be within the world o! 
his experience and interest. 

There should be, moreover, a conscious 
effort through the selection of problems to 
correlate the work in mathematics with othe: 
courses of the curriculum.—Condensed fron 
Report of the National Committee or 
Mathematical Requirements. 


% * ” 


SYLLABUS: The emphasis in the mathe 
matics plan for the 7th and 8th grades is 
on the application of fundamental processes 
to the problems of home, business. and com 
munity life... . It is appreciated that mathe 
matics must now be handled in larger units 
of study. 

Social-economic mathematics problems 
must be interesting. They must bear on th: 
pupil’s experiences in the shop or kitchen 
on the playground or elsewhere. They must 
be of a variety that will lead the pupil to 
reflect, and to investigate, and to feel that 
he himself is concerned in the social and 
economic environment of which he is the 
center, and further that the problems that 
are presented to him come. out of a living 
world in which he is to take his place. 
Condensed from New York State Syllabus 


For today’s young citizens: 


Boyce-Beatty MATHEMATICS 
of EVERYDAY LIFE Series 


7th or 8th Grade 
FINANCE UNIT—Mathematics in terms 
of family life, 74¢ 
HEALTH UNIT—Mathematics in terms of 
health today, 84¢ 


8th or 9th Grade 
LEISURE UNIT—Mathematics in terms 


of leisure activities, 84¢ 
GEOMETRY UNIT 


cations of geometry, 96¢ 


The practical appli- 


All 4 Semesters 
DRILL UNIT—Fundamental drill exercises, diagnostic tests, 85¢ 


30-DAY APPROV AL—Net price of 5 Units, $3.38 


INOR PUBLISHING CO., Ine. 


207 Fourth Avenue 
New York 


Please mention the MATHEMATICS TEACHER when answering advertisements. 











